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GENERAL INTRODUCTION 


American Chemical Society Series of 
Scientific and Te(»hnologi(! iMonograi)hs 

By arrangement with tlie {nterailiod C'nnforencc of Pure and 
Applied (Chemistry, vvhieh met in London and Brnssels in July, 
1919, the American (diemical Society u as to undertake the pro¬ 
duction and ])nl)fication of Seientilie and Technologic Mono¬ 
graphs on chemical subjects. At tin' same, time it was agreed 
that the National Research Council, in cohiK'ration with the 
American Chemical Society and the American Physical Society, 
should undertake the production and imhlicatiou of Critical 
Tables of Chemical and Physical Constant.s. The American 
Chemical Society and the National Research ('onneil mutually 
agreed to care ^or these two fields of chemical development. 
The American Chemical Society named as Trustees, to make 
the necessary arrangements for the publication of the mono¬ 
graphs, Charles L. Parsons, Secretary ot (he American (Jiemical 
Society, AVashington, D. (h; John J'l. Teeide, Treasurer of the 
American Chemical Society, New York City; and Professor 
Ciellcrt Alleman ot Svvarthmore Colh'ge. I'lio 'I'nistecs have 
arranged for the publication of the .American Chemical Society 
scries of (a) Scientific and (b) Technologic Monographs by the 
Chemical Catalog Company of New York City. 

The Council, acting through the Committee on National Policy 
of the, American Chemical Society, aiipointcd the editors, named 
at the close of this introduction, to hai'c charge of securing 
authors, and of consiflering critically the manuscripts prepared. 
The editors of each scries will cndea\'or to select topics which 
arc of curren* interest and authors who are recognized as author¬ 
ities in their rcspcctii-e lields. The !j.st of monographs thus far 
secured appears in the publisher’s own announcement elsewhere 
in this volume. 
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The development of knowledge in all branches of science, and 
especially in chemistry, has been so rapid during the last fifty 
years and the fields co\ ered by this development have been so 
varied that it is difficult for any individual to keep in touch with 
the progress in branches of science outside his own specialty. 
In spite of the facilities for the examination of the literature 
given bj’ Chemical Abstracts and such compendia as Beilstein’s 
Ilandbuch der Organischen Chemie, Richter’s Lexikon, Ostwald’s 
Lehrbuch dcr Allgcmoinen Chemie, Abegg’s and Gmolin-Kraut’s 
Handbuch der Anorganischen ('fh('mic and the English and 
French Dictionaries of Chemistry, it often takes a great deal 
of time to coordinate the knowledge; available upon a single topic. 
Consequently when men who ha\’c spent years in the study of 
important subjects are willing to coordinate their knowledge 
and present it in concise, readable form, they perform a service 
of the highest value t,o their fellow chemists. 

It was with a clear recognition of the usefulness of reviews of 
this character that .a Committee of the American Chemical 
Society reconnn(;nded the i)ublicatio!i of the two scries of mono- 
graj)hs under the atisinccs of the Society. 

Two rather distinct i)ur])o,><('.- arc to lx; served by these mono- 
grajihs. The first puipose, who«e fulfilment will jirobably render 
to chemists in gcnenil the most important service, is to present 
the knowledge available upon the cho.'icn topic in a readable 
form, intelligible to those who.se activities may be along a wholly 
different line. Many chemists fail to realize how closely their 
investigatioms may be connected with other work which on the 
surface appears far afield from their own. I’liesc monographs 
will enable such men to form closer contact with the work of 
chemists in other lines of research. The second purpose is to 
promote research in tlie branch of science covered by the mono¬ 
graph, by furnishing a well digested survi'y of the progress 
already made in that field and by pointing out directions in 
w'hich investigation needs to lx- extended. To fa(;ilitate the 
attainment of this iiurpo.se, it i.s intended to include extended 
references to the literature, which will enable anyone interested 
to follow up tlie subjc'ct m more detail. If the literature is so 
voluminous tlnit a comiilctc bibliography is imiiracticable, a 
critical selection will be made of those papers which are most 
important. 
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The publication of these books marks a distinct* departure in 
the policy of the American Chemical SoMcty inasmuch as it is 
a serious attempt to found an American chemical literature with¬ 
out primary regard to commercial considerations. The success 
of the venture will depend in large part upon the measure of 
cooperation which can be secured in the preparation of books 
dealing adequately with topic's of geiaa’al interest; it is earnestly 
hoped, therefore, that every member of the \’arious organizations 
in the chemical and allied industries will recognize the impor¬ 
tance of the enterprise and take suHicient interest to justify it. 
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Introduction. 


Literature on wood distilfetion in book form and in English has 
been very meagre. The only ^book dealing solely with this subject 
is Harjxtr’s “Utilization of \Vast<- Wood by Distillation" and this is 
not much more than a compilation of patent s]K‘cilication.s without 
stating whether the jnocc.sses described had e\er been used com¬ 
mercially. It also dealt mainly with resinous W()t)d distillation and 
hardwoods were treated only brielly. In chapters of other books 
wood distillation Uis lieen covered briefly. In the English transla¬ 
tion of Dusncsny and Noyers “LTudii.stric Chimique du Bois,” 1908, 
is included a gcnend description of the industry which according to 
Klar is taken largely from his first edition of “Tcchnologie der 
Holzverkohlung.” In Brown’s “i''orest I’roduct.s,” 1917, one chapter 
gives a good but brief general descri]>tion. The. New 'V'ork State h'orcst 
School booklet on "'I'he llardwocid Distdiation Industry in New York,” 
also by Brown, is good but it is written by a forester not a chemist. 
In Roger's “Industrial t hemi.stry” liie cha])ler on wood distillation by 
Harper is full of. errors. 

In foreign languages two good books liavc appeared. The first 
edition of Klar's "Technologic der i loizverkohinng’’ appeared in 1903 
and a much enlarged second editioi! came out in 1910. Klar has liad 
much cxiK'rience in building wood distillation apparatus and much of 
his information is first hand. The work is very complete and con¬ 
tains many chemical engineering details. Besides tlie primary crude 
products of hardwood ilistillalioii the methods of production of the 
secondary products, acetic acid, aicloiie, and formaldehyde, are also 
described. The destructive distillation of resinous wood is also covered. 
This work, however, deals largely with h'.nroiiean practice and is 
rapidly becoming out of dale, esiiecially on the chemical, scientific side. 

Th.e latest book on the subject is "(.)ni Trakolning” by Bergstrom 
and Wfsslcn, 1918. 'fhis gives a very good and complete description 
of Swedish iiractice and contains the results of much e.xperjmental 
work not previously published. It abounds in illustrations, tables, 
diagrams and curves, so that it is interesting even to a reader who knows 
little Swedish.^ 

Both these*books have been freipiently drawn on in the preparation 
of this monograph but proper credit has been given in every instance 
and the thanks of the author are here rendered for the assistance. 

* Although it is not strictly wood distillation as limited in this monograph attention is 
called to the very complete dcsciiptioii of the (oiistfuclioii ;tml operation oi various types of 
charcoal kilns found in this book. Jt is the only detailed and satisfying treatment of the 
subject thkt the writer has seen. 
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INTRODUCTION 


In this monograph llie two very distinct industries of hardwood 
distillation and resinous wood distillation have hccn kept entirely sep¬ 
arate in I’arts 1 and II, re^ixtctively. In this country there is absolutely 
no connection lietwcen the two cxcc()t that they both use wood as a 
raw material (ver}' dilVcrcnt kinds of wood, howc\'er) and both pro¬ 
duce charcoal (only a part of the resinous wood inelustry jiroduces 
charcoal). In .Sweden the two arc so closely related that they can not 
l)c readily treated separately but in describin*,' the commercial practice 
in this country only confusion results fr’mi attempts to combine them. 

The arrauffcmcnt of the subject nyittcr is jierhaps peculiar. The 
first chapter (jf e:ich part is a fjcneral descrijition of commercial j)rac- 
tice without any detailed di.scnssion. These are only outlines on which 
to hanj; the main part of tin' book which is a discussion of the chemistry 
of the raw material, the piax'css, and the jiiodiicts. 

Although an engineering phase of the subject is only occasionally 
discussed, it is believed tluit the chemical engineer'and plant operator 
will still find the book interesting sini-e it gives fundamental informa¬ 
tion on the chemistry of the jiroecss so that they may get a suggestion 
as to what may be the result of any change in the conditions of ojx'ra- 
tion. The chemical student and research man should find many 
points of interest esjiecially siine the lack of infoiination on some 
imiHirtant subject is fre(|iicntly jiointed out. 

Only the methods of pnidiicing the crude iirodiicts of hardwood 
distillation are incindcil and foriiialdehvde, acetic acid and acetone 
are not iiicntioned. Kcfincd wood alcohol is treated Very bricily. I'his 
is on accoimt of disinclination to copy from the literature without 
that lirst-hand information which gives the necessary .skill in selection 
and criticism. 

The author's contact with the industry has hccn largely the re¬ 
sult of his connection with the Forest .’senicc and the F'orcst Products 
Laboratory which has made, possible freqiiont insix'ctinns of commercial 
plants and a large amount of research on the general .subject, it will 
be noted that many of the literature references are to publications from 
the Laboratory and that many of the illustrations arc taken from 
these publicatioiKs. 

The author wishes to thank the following firms for their kindness 
in furnishing cuts and figures of plants and apparatus: The Newport 
Turixnitine and Kosin Company, The Stntthcrs-Wells Cohijiany, 
Florida* Wood IToducts Comjiany, Hercules Powder Comiiany, and 
I'he Tennessee-F.astman Corporation. 
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Abietic add, in resin, 107 
Aeelate liquor, evaporation of, 20 
Acetate of lime, production of, in 
various countries, 30 
refining methods, 80 
yield of, in hardwood distillation, 34, 
28 

Acetic acid, loss of, in gases, 73 
in pyroligneous acid, t*i 
yield of, and relation ti' “acetic acid 
by hydrolysis,” 41 
from various siiecies, 43 
uscof, 31, 102 

Acetone, 111 iiyroligiieous acid, 66 
recovery from gases, 74 
uses of, 32 

Altyl alcohol, in pyroligneous acid, 66 
Alpha cellulose, determination of, 38 
American Wbiod Keduclion t'ompany 
process, 25 , 

Apparatus, used in softwood distilla¬ 
tion, 88 

-\sli. yield of various products from, 

■44, 45, 46 

Asli determination, of various woods, 

40 

Balsa, analytical data, 37 
Basswood, analytical data, 37 
Beech, yields of various products 
from, 44, 45 » 47 . 

Beta cellulose, determination of, 30 
Birch, viclds of various products from, 
44 . 45 . 47 . . , , 

Birch, yellow, analytical data. 37 
Black oak, yields of various products 
from, 44, 45 

Blue ash. yields of various products 
from, 44, 45, 46 
“Blue oil,” TIO 
Borneo!, in pine oil, to6 
ilriquclting pr(.tess, of hardwood dis¬ 
tillation, 25 

Buggies, used in hardwood distilla¬ 
tion, id 

Burcey pan, for alcohol distillation, 22 


Calcium acetate. See .tcciaie of lime 
(.alcmni r.irbonate, effect on yield, Oo, 
Oi 

Caniphcne. in pine oil, 106 
Camphor, in pine oil, lo6 
t arbon dioxide, content of, in distilla¬ 
tion ^ases. () 4 . 65 

{'ariion monoxide, content of, in distil¬ 
lation ^a.ses. b4, (>5 

Catalyzers, in wood distillation, 50, do, 

61 

Catlmde-liKlit vacuum distillation, 55 
Cedar, incense, analytical data, 37 
Cedar, yellow, anahlical data. 37 
Cellulos<‘, determination of, 

Chancy's theory, 55 

Charcoal, hardwood, conip«»sition of, 

do 

yield of, 24, 28. 124 
softwoixl. annual production. ()5 
uses of, 08 
uses of. 31 

yield ol, compared with alcohol and 
tar, 46 

from \arious species, 45 
(. harcoal coolers, 18 
Chemicals. cfTecl on yield, 59 
Chesinul \ields of various iirodiicts 
imin, 44. 45 . 4b 

Chestnut oak, yields of various prwl- 
ucls from, 44 . 45 . 4 d 
Cliips. use of. in hardwood distillation, 

t'ineol, in pme oil, 106 
Culophonx. See Kosin 
Constant boiling mixtures, of alcohol 
and acetone, 70 

Coolers See Charcoal coolers , 
Creosot'’. in hardwood distillation, 28 
in softwood distillation, 95 
C resol.s, in hardwood tar, 67 
Cioss and Bevan determination, 38 

Decay, effect on properties of wood, 

’51 

“Dip,” definition of. 105 

137 
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138 

Dipeiitene, in pine oil, 106 
in turpentine, 106 
Distillation. (.See also Mardwood dis- 
tillation. Resinous ivood dus'tiUa- 
tion) 

effect of varifiiis clieniicals on, 50 
Distillation cycle, for hardwoods, 17 
Distilling (»ven, diagram of, 15 
dimeiisicnis of. lO 
in softwood distillation, 96 
Douglas fir. analytical data, 37 
yields from, 47 

J'din, slijipery, yield of various prod¬ 
ucts from, 44, 45 

Elm, white, yield of various products 
from, 44, 45, 46 
“Essence," definition of, 105 
Eucalyptus, analytical data. 37 
yields of various iiroducts from, 44, 

45. 46 . 

Extracted chi]>.s, pulpinjj[ of, 135 
h'xlractives. of wood, 35 
Extractors, 91, (jJ 

“Eat wood," definition and use of, 103 
i'Vnchyl alcohol, in pine oil, 106 
Flotation oil, use of pine oil as, 97 
I'oK formation, in ^ases, 72 
h'orinaldehyde. uses of, 33 
Formic acid, in pyroln^m'ous acid, 6t> 
“I'ormic acid nuniher." 58 
Fuel, used in distillation, 17 

fiamnia cellulose, determination of, 39 
(lases, 1 >. T. U. jier cord yield, O4 
from charcoal at hij^h temperatures, 
70 

from hardwoods, composition of, 64, 

65 

precipitation of particles in, 73 
recovery of products from, 74, JJ4 
yield of, in softwood distillation, 114 
Gasoline, in the extraction process, 130 
Green ash, yields of various products 
from, 44, 45. 46 
“Gum," definition of, 195 
Gum, red, yields of various products 
, from, 44 ., 4 .S. 4 (> 

Gum rosin, distinction from wood 
rosin, 106 

Hardwood distillation, 13, ct seq. 
commercial jiroccsscs, 13 
economic importance of indu.stry, 31 
effect of various chemicals on, 59 
equipment used in, 29 


Hardwood distillation, flow sheet (dia¬ 
gram), 23 

lay out of ideal plant (diagram), 21 

liquid products, refining of, 74 

outline of method, l<> 

products of. 64, 71 

refining processes, 19. 72 

sjiecial jirocesses of, 25, 26, 27, 29 

statistics, 20 

^ temperature relations of, 52 
theories of. 52, ei seq. 
yield of products from, 24, 28 
yields from various species, 43 
Hardwoods, consumption of, in the in¬ 
dustry, 28 

eonsuiiiptinn hi various countries, 3<^ 
IleartwoiKl, yield from, compared with 
sapwoud, 43 

Heat, decomposition of woods 52, 
109 * 

Heat effect, and jield in largo and 
small apparatus, 57 
Heavy oils, composition of. O7 
from hardwood distillation. 77 
Hickory, analytical data, 37 
yield of various products from, 44, 
45, aC< 

“Hog" grinder, Ot 

Hvdrogen. in dislillatinii gases, 64. 65 
Incense cellar, analytical data, 37 
Jnmho oven, ifi 
“Kidney oil," lio 

Light oils, in hardwiwid distillation, /h 
“Tvightw<M)<l,” definition and use of. 
103 

Lignin, di termination of. 38 
fagnocelliilose. (.oniposition of, 71 
Lime, effeet on vield.s, 60, 61 
Ijine-lee still. 20 
Linioneiie. m pine oil, lofi 

Mamiaii, content of softwoods, 41 
Maple, \ield of various products from, 
44 . 45 . 46 

Maple, silver, yield of various products 
from, 44, 45. 46 

Maple, sugar, analytical data, 3^ 
Mesijuite. analytical data, 37 . . 
Methane, contained < in distillation 
gases, 64, 65 

Methanol. See ^fethyl alcohol 
Methoxyl. determination of, 36 
distribution in softwoods, 112 
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Mctlioxyl; effect of cliemieats on dis- 
trilmtioii in i^nnluets, 6 j 
relation to aIe«iliol yields, 41 
Methyl acetate, in i)>roligneuus acid, 
60 ■* 

recovery from yases, 74 
Methyl acetone, composition and uses 
uf, 33 

Methyl alcohol, distillation of cnide, 
22 

loss in distillatum gases, 73 * 

production of, in various coLiiitries, 

30 

in pyndigneoiis aci<l. ()<) 
recovery tonn tar, 70 
refining 71) 

relation of \U‘Id to nutiiowl content, 

60 

uses of. 33 

>ield ot, l•(>lnl)<n•e^l (ar and 

charcoal, 4O 

in haidwood distillation. 24. 
from various sjit.'cic", 44 
Meth>l cluuuad, in jniie oil, jod 
"Methsl iiuniher," in wood aual\sis, 

Minstiire, contained in wood, 47 
effect on yield, 58 
relation to lnnnidit\, 48 
Multiiile elTeet e\a)M)ralors, fm acetate 
liiinors, 22 ^ 

“Xigre," tomi>osition (»f, 13J 
Nitrogen eontint oi wood, 39 

()ak, yields o| various jirodncls from. 

44, 45, dh. 4; 

Oak, l)lack, yields of various products 
from, 44, 45 

t )ak, tanhark, aiialstical data, 37 
Oak, while, yields of various products 
from, dd. dS. d^' 

Oils, from softwood disiillalion, rc- 
llning of, 115 

Olcoresin, defmitum of, 105 
Oven. Sec ]h.si\llm(i oi'oi 

Paper indp. from extracted chips. 1.45 
Partial pressure effect, in ndining h\ 
•steam distillation, ti6 
IV'tilosaiiii, determination of. .46 
Phenol, in hardwiMKl tat, 67 
Phosphoric acid,, effect on \ield, 50, 

61 

T'ine, loPgleaf, analytical data, 37 
Pine, western while, analytical data, 

3 /- 

Pine, western yellow, analytical data, 

37 

Pinene, in pine oil, 106 
in turpentine, 106 


Pine oil, po 
compo.sition of. 106 
heat elfed on, 1 ij 
u-tining of, 93 
spctilicaiums for. ijj 
uses of. 07 
yield (<f, iij 
per coni, (14 

Pin<‘ lai (see .dsn 7 </; ),(>o 
si)ecifi( alions for, ijj 

Uses of, 97 
Pilch, coking ni'. 7(1 
comjiosition of. ()S 
tlefinilion oi, 105 
Ifoni rcsnioiis y\(MMi, (>o 
yudd of, 11 2 

II lining of. 77 

ns{ s nl. JOJ 

PoUhIi, 111 .isli tiom y.inous species. 
d‘' 

!’u lirn rs, m wofid ]nepar.ition, 
Piili)iiig cMi.iclul chij>s. 135 
Pymligivoiis acid. comp<»sition ot. t>5, 
00 

in'iiirali/atiiin of, jo 

polynu ii/alioii ]>ro<lucts nl, 78 

retiiinig i>l, m. 74, 77. ij,4 

\icl<l ot, iroin \aiioiis species, 45 
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(Chapter 1. 

I'he (.oiniycrclal Processes. 

J Ik* hardwiuid distillaticm industry was di‘M'l(i])t‘d early in the 
Lhiitcd States on aeennnt of tiie larjte sii])j)lies of eood (jitalil)’ Iiard- 
woods availalile and on aceonnt of the liitjh excise tax on elhtl aleoiiol 
which forced the use of wood alcohol for solvent |mr|ioses where the 
chcaiier ethyl alcohol inif;ht otherwise Inive been used. Even since the 
denatured alcohol legislation of njoti which made available the chea]iet 
denatured ethyl tilcohol for solvent purposes, the industry has expanded 
due to the increased demainls for inethtl aleuhol as a eheinieal raw 
material ainl for the other prodncls, acetate <if lime and charcoal. 

I he early industry used either the snitill horizontal eylindrical re¬ 
torts or the iiriek by-])rodiu'ts kilns for Ihe distillation of the wood, but 
for many years no new plants haxe been hnill with either of these 
types of distillation ajjparatus. Many of the old retort or kiln jdanls 
have l)een rejdaGfd by Ihe modern tyix; of plant hut some of them 
are still in operation. 'I'he main oiijeelion to the retorts was the 
hiph labor costs for eharttinp the wood and removiiif; the charcoal, 
these ojK'rations heinp carried out entirely liy hand, 'i'he kilns which 
gtne low yields of the chemical i rodnels were used only in ennneetion 
with iron furnaces where larjte (|nanlities of ehareoal were required 
and the chemical products were of secondai v imporlanee. When the 
eheinieal produets heeame of more iiiqiorlaiice no more kiln plants 
were built. In the following general description of the plant and o])era- 
tion only the modern type of distillation apparatus, the rectangular oven 
will he included. 

Wood for Distillation 

Thfe wood used for distillation is generally cordwood 52 iiiehcs 
long and with a minimum diameter of 3 to 3 inches varying with the 
conditions of .sup])ly and demand, .‘sticks of greater diameter than 
about 8 inches are usually split, .'^ome sawmill slabs or other wood 
waste.s are used in which case smaller dimensions in length and 
thickness are alloweil. Small blocks, chijis, shavings or sawdust 
are not used. The .source of the wood varies; in some cases the 
wood distillation plant is run in connection witli a sawmill and the 

13 



14 


WOOD DISTILLATION 


logging wastes sucli as tops and limbs are gathered and cut for 
distillation. In other cases the distillation wood is the main product 
obtained from the forest imd the sawmill operation may he secondary 
or lacking entirely. This usually takes place where the timber is 
small second growth or of poor quality for lumber. Most of the 
plants own or control their own wood supply and cut and collect 
their own wood or have a contract with a sawmill for waste wood, 
hut some of the smaller plants purchase a nart of their wood already cut. 

The wood is not generally selected by si)ecics except that softwoods 
are excluded. All the hardwoods which naturally occur in the for¬ 
ests where the wood is cut are commonly collected, since the rnain 
species are satisfactory and the others occur in too small quantities 
to have much effect on the results. In the north the main species 
arc beech, birch and maple, but other .sjiccies which may occur with 
them such as elm, ironwood, oak, ash, etc., are used. In the south 
oak and hickory are the favorite species and some selection may he 
resorted to in order to eliminate such undesirable hardwoods as 
chestnut. 

The wood is dried for six to eighteen months either in the woods 
where cut or in storage yards at the plant. It is not required to 
have the wood comidctcly dry and “air dry" wood with J5 to 20 
per cent moisture is considered satisfactory. If the wood is dried in 
the woods where cut the drying is slow and there is a good chance 
for deterioration by rotting and danger from fire, whereas if dried 
in the wood yard there is an extra expense of handling to and from 
the piles. In either case the interest charge on the investment in a 
year’s supply of wood is an important item of exiiense. In order 
to avoid these difficulties connected with air drying a system of 
artificial drying has been developed and adopted by .several plants. 
The wood dries much faster when in .short lengths and so for artificial 
drying the sticks arc preferably cut into blrcks (i to 10 inches long. 
These blocks are run by conveyor from the saws to the cars in 
which they are distilled and no further handling is required. It is a 
general rule that the smaller the pieces of wood which go to make 
up a pile the less wood can be contained in a given space, but when 
blocks 6 inches long are dropped from a hopjier into a car a greater 
weight of wood is jiitt in than when 52 inch sticks are piled by hand 
in the same car. This is another advantage of the artificial drying 
system.' The cars and the wood being hot at the time they enter 
tlie retort also has a little effect on the time and fuel required for 
distillation. 

The artificial drying is .accomplished by the waste I'.eat from the 
flues of the retort furnaces. The cars of wood are placed in closed 
“pre-driers’’ and the flue gases from the retorts are blown into the 
driers in direct contact with the wood. Care must be taken that the 
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Fig. z. Drawing of Oven in Brick Setting* 
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tem])eraUire of the incoming gases is not too high and that sparks 
do not carry through to- the wood. (ttherwisc, the process is nearly 
automatic, t'oinmonly "three charges of wood are in the di iers at 
one time, tlie wood from the hot end of the drier being drawn direct 
to the retort while a fresh charge of green wood is introduced at the. 
cold end. 


The Distillation of the Wood 

'J'he large rectangular retorts co'nmonly used for the distillation 
of the wood are fre(|uently called ovens or "liunbos" to distinguish 
them from the older, smaller, cylindrical retorts. 'I'hese ovens are 
commonlv made of llange steel .\s" thick with somewhat thicker metal 
on the bottom where the tem|)cratnre is highest. They are 6'3" 
wide and ,S'4" high and vary in length according to the capacity de¬ 
sired, the standard 10 cord oven being 56' long. The oven doors 
open the full cross .section and are fa.stened by steel wedges. Since 
the doors are the only surfaces of the retorts not directly heated they are 
u.sually i)ro\ided with outside "storm doors" to prevent radiation and 
condensation of tar on their inner .surfaces. On account of the great 
leitgth of the oven and the diflerencc in espansion with heat be¬ 
tween steel and brickwork the ovens can not be su|iporteil :il the bottom 
on brick bnl are snsjiended from hangers along the top of the sides. 
(Sec Tig. I.) 'J'he o\ens are healed from lire hoses at one end in 
the case of the shorter ovens or at both ends in the case of the longer 
(jiK’s. In order to distribute the b.eat erenlv throughout the length 
of the ovens special arches must be iwovided. These brick arches in 
the case of two lire hoses run from the lire bo.Ncs nearly to the center 
of the oven and pre\ent direct contact of the dames on th<‘ bottom of 
the oven. Ily i)niperly s|>aced o|)enings in the arches the flames or 
the hot flue gases are distrilaited lengthwi.se and .sidewise so as to 
distribute the heat over the bottom of the retort as evenly as is prac¬ 
ticable. 'I'he flue ga.ses are then guiiled around the sides of the re¬ 
tort by suitalile bailies, finally jiassing over the top and thence up the 
stack. I'.ven with this arrangement the eaiuali/ation of the heating is 
not conijilele and the Ixittom (jf the retort commonly gets the highest 
tcnijjerature. 'J'he ovens are set in pairs with the jirickwork for the 
two continuous although there is no connection between the tire boxes. 
The .space between each pair is thus utilized for conden.sers, pil’iing, etc. 

'J'he wood is loaded on iron cars or “buggies" with slatted ends 
and sides, the latter .sometime.s reaching only about two-thirds of the 
height of the piled wood and .serving to retain the clvircoal after car¬ 
bonization. 'fhe sides are also removable for loading the wood and un¬ 
loading the charcoal. The cars very nearly fill the cross section of 
the retort and are long enough to hold about cords, four cars 
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making one charge fur a lo curd r('t<ir(. 'flic cars arc s'ometimcs moved 
by hand hut usually with a |iu\vcr cable or a,small locomotive. 

As soon as the wood is inside die retiflt the door.s are closed 
and the heating .started. 'I'he lirst distillate is almost entirely water 
• and it is not until about the fourth hour that the liijuor .slowly darkens 
and contains increasing amounts of acid. 'I'he tar lirst apiiear.s at 
the eighth to tenth liotir and from this time onw.ard very little more 
heat is re(|uired to finish the disidlation ;it about the twenty-second 
hour, hor about two hours the retort is allowed to cool and then 
the charcoal is remmed and a n^w ch.uge of uimkI nm in, making a 
complete cycle in J4 hours 'I he time foi a (oiniilete 1 \cle may vary 
at different plants depending on the moisture condition of the wood, 
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the kind of fuel use<l or the desin o| the opeiator, hut a 24 hour 
cycle is common, (hie plant operated for some time on a l()-l8 
hour cycle and thus greatly iuenased the i.io'iuty of the retorts. 

Various methods arc used to control the tiring, the aiiiiearaucc of 
the distillate and tlie temperature in the \apor outlet from the re¬ 
tort being the must common signs for determining the status of the 
distillation. It is usually rei|uircd to linisli the distillation iti a cer¬ 
tain definite time and without too ra|iid heating or too high a tempera¬ 
ture duting the sttige when the i.alnahle pnulucts are distilling. To 
accomplish this the charge is heated rajiidly at the start and then at 
the pro]x;r time, usually eight to ten hours Imni the start, the firing 
is cut down .so that the distillation will not ‘’nm away” or become 
uncontrollable. 

I'ar and gas»from the plants' own products arc generally used for 
retort fuel and besides these only a small amount of other fuel is re¬ 
quired. If the tar or gas is u.scd for boiler fuel other fuel as coal, 
natural gas or waste wood is used, (due |)lant has used hogged saw- 
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mill waste almost entirely as a retort fuel by modifying the ordinary 
fire box into a small Dntcji oven for the more efficient use of this kind 
of fuel. The wood tar and natural gas make excellent fuel because 
they both give a quick, hot fire and yet can be readily regulated. 

The hot charcoal from the retorts catches fire as soon as it comes. 
in contact with the air and it nmst, therefore, be cooled out of con¬ 
tact with the air. Closed charcoal coolers arc provided into which 
the cars of charcoal are run as rai)idly as [Kissiljle after the retorts 
are opened, a spray of water being use<l to keep (town the fire a.littlc 
during the transfer. The charcoal utays in this cooler until another 
distillation cycle is finished and then it is moved on to the ne-xt. It 
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remains there tor 24 hours and then is allowed to stand in the cars 
in the open air for another 24 hours before it will l)C received for 
shipment by the railroads. 'I'hc coolers arc of the same sba])c and 
size as the ovens but are built of lighter metal and sometimes arc 
without a bottom, being banked with sand to prevent access of air. 

The best layout for the woo<l yard, retort house, coolers and 
charcoal sheds is one in which the ]>rogress of the cars is in one 
direction throughout the operation. (See Fig. 4.) In some cases 
lack of space makes this layout imijossible and the retorts -may be 
charged and discharged at the same; end. It is almost a necessity, 
howeVer, that the first coolers be in line with the retorts so'that the 
hot eharcoal may be mo\cd rapidly. 

The vapors are taken from the retort through one to three outlets, 
depending on the size of the retort. Ordinarily only,two outlets arc 
used, even on the 10 cord retorts. The vapor outlets are on the 
sides of the retorts near the top and jiass through the brickwork to 
the condensers. The condensers are of the vertical tubular tyirc and 
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they must have a cajiacily to condense and cool the’ \ai.Kn’s during 
the peak load, although this may rover only»i small part of the dis¬ 
tillation period. The inside of the condenset tubes should also be 
readily accessible, since it is necessary frequently to clean out the 
tubes to remove dejxisits of ]>itcti and tar wbicli greatly decrease the 
efficiency of the condenser. At many plants the retort condenser tubes 
are cleansed regularly once a week. 

At the coinlenscr outlet llie Jiipiid distillate is separated from the 
gas by means of a sim))le gooseneck or tra]) wliich allows the liquid to 
flow through but stops- the gas. *l'lic gas is taken off at the toj) of 
the trap on tlie end toward the condenser and pijx'd to the retort fire 
box or to the boilers. No storage is |irovided for the gas and it is 
burned as it is produced. A vnl\e in tlie gas line from each condenser 
is u.sually closed when no gas is coining iit'f from the retort. 

Refining Processes 

'I'he liquid distillate, consi'-ting of tar and a dark brown watery 
li(|uid called pyroligneous acid, is ]inmped to wooden settling tanks 
where the tar settles to the bottom. These tanks are usually arranged 
in series with connecting |ii])es at gradually lower levels from the 
first, where the mixture of tar and iwroligncous acid enters, to the 
last, where the clear acid is drawn off for fnrtber refining. 'I'be tar 
is drawn off as reqiiiied from the bottom of each tank, most of it 
naturally coming from the first. 

-Altbougb most of the v.'duable products, wood alcohol and ttcctic 
acid, is contained in the jtyroligneous acid, yet there arc small quan¬ 
tities contained in the tar which is distided with steam for their re¬ 
covery. .\ wooden still is used for this o|icration, since copjxir is so 
rapidly corroded by the hot tar. The still i-- ptoiided with a closed 
steam coil of cojiper and also with a ste.am jet. the water in the tar 
is driven off by beating with the closed coil and then live steam is 
blown through the tar. 'I'he volatile oils from the tar are distilled 
with the steam :md arc separated from the water l.ayer bv settling, 
'file first oils distilled arc lighter than water, but if the distillation 
is carried, far enough oils heavier thtin water rvill distil. Sometimes 
these oils ore kept separate as part of the marketable products, but 
frequentl)'' they are mixed with the residue left in the tar still find 
used for fuel, 'fhe water distillate from the tar still contains acetic 
acid and alcohol and is ini.xed with the similar distillate from the next 
operation. 

The ])yroligi!Cous acid from the settling tanks, although it has 
been settled free from su.spendcd tar, still contains some tar in solu¬ 
tion which must be se]ianilcd in the first refining operation, 'fhis is 
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accomiilislicd by roniplcfe distillation of the pyroligneous acid, leaving 
the tar behind in the stdl. A copper still ef|nip])ed with closed steam 
coils is commonly used for this operation, although triple effect evap¬ 
orators are sometimes used. Since it is simply the separation of a 
volatile from a non-volatile liquid no sjiecial precautions are required. 
A small amount of oil distils with the water and this is separated 
before the next o)>eration. 'I'he residue of tar is allowed to accumulate 
in the .still for .sexeral days and then it is given a steam distillation, 
like the settled tar, either in the copper still or after removal.to the 
wooden tar still. 

The distilled tar-free pyroligneous .acid to which is .added the water 
distillate from the tar .still is now ready for nentrali/.ation with lime. 
A thick milk of lime is used for the neutralization and the o))eration 
is carried out in a covered woialen tub ]irovided with a stirring ap¬ 
paratus. 'I he neutral |ioint is nsuall\ delennined by the color change 
in the .solution itself which becomes verv much darker as the neutral 
jaiint is reached In fact, the color is so dark that the use of outside 
indicators is diflicnlt. \ tl.aik wine-color is the common neutral ))oint 
and this must he tittannsl with considerable ticcuracv to tivoid difhculties 
in the future evaporation ol the ticel.atc solution. Ifttritig the neutnaliza- 
tion titt insoluble slntlge is ftirtned which settles jttirth' iti the tieu- 
trali/.itig tub aitd partly itt vvoodcti ttitiks prmtded for the storage of 
the tteutralized litjttor. I he sludge tnttst he occttsiotittllv reitioved frotn 
the netttralizitig ttih which should he designed tor accomjtlishittg tins 
readily. Ihe wet slntlge retaitis a coiisidiralile aitftittnl of acetate li(|nor 
atid is frcquetitly wttshed or tdteretl in a filter jtress for its recotery. 

The neutralizetl settled solutioti ctttitains the ticetic aciil in non¬ 
volatile form ami the alcohol ami ttllier volttlile products can he 
separated from the acid by dtstilkatioti. Sitice the solution is now 
neutral an iron still, commonly called the "lime-lee” still, can he u.scd for 
this di.stillation. d he lime-lee still is iirocided with a closed steam coil 
of cop])er and no direct steam is used in this operation. The distillation 
is carried on until the gravi1\' of the distillate is unitv showing that all 
the alcohol has been removed. .\ small amount of oil also collects 
with the distillate from this ojieration and should he separated Itefore 
the next distillation. The residue in the still is c.'dled the acetate 
liquor and the distillate, the alcohol liquor. 

he acetate liijuor is coiniuoidy evajiorated in sluillow', steam- 
jacketed iion ])ans although single or multiple elfect evaporators are 
frequently used. In the iron pans the first separation of the solid 
acetate of lime should take jilace on the surface of the liquor, since 
if it starts on the bottom of the pan a hard dense deposit forms which 
reduces the effective heating .surface and is very difficult to remove. 
Starting on the surf.acc the separation of the solid acetate proceeds 
downward, the steam escaping through .small craters in the crust. The 
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Fig, 4,—La>out of Hardwood Distillation Plant. 
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evajxjration is stopped when the mass has reached tlie consistency of a 
thick mud and the rest hf the drying takes place elsewhere. Fur the 
final drying of the acetate drying Hours are pro\'ided on top of the ovens 
where tlic heat of the line gases can he used. The acetate mud is 
spread in a thin la\cr on the Hour and frccinently raked to uncovei* 
the wet acetate as tlic top surface dries, d'hc drying acetate is some¬ 
times rolled with a light roller to |)rcvent the formation of too large 
lumps. 'I'hc acetate is iKJt decomposid hy any temperature likely to 
be reached on the floor and no s])e'-ial precaution needs to he taken. 
This is the la.st o|K'ration for tlie preparation of the finished acetate 
of lime and when diy it is bagged for shipment. 

When multii>le effect evaporators aiv used for evaporating the 
acetate liquor another method for drying is introduced. The evaporators 
carry the concentration almost to the point where .separation of the 
s(did acetate begins and then the solution is rm to a shallow pan 
into which dips a slowly revolving steam-heated cylinder. The cylinder 
is provided with automatic scrapers which remove the deposit at 
])roper intervals. I'sually the s]ieed of the cylinder, the steam heat 
and the scraping are coordinater! so that the matv'rial scrajied off has 
been dried to a consistency of a thick mnd. The mud drops to a 
V'-shaped trough in which it is pickccl iqi on an endless wire belt. 
The belt passes thiough hcatwl chambers whcie the drying is com¬ 
pleted and the dried acetate is renioved from the belt hy the belt 
running over rolls which change the direction at shar|) angles and hy 
an automatic shaking or heating device, 'fhis method of drving is 
very efficient in the way of .saving labor costs, since the acetate is dried 
and delivered to the storage hoppers without being touched hv hand. 

The alcohol liquor distilled troni the lime-lee still is concentrated 
to a crude wood alcohol of about S_> ])er cent strength as determineil 
by the gravity. 'I'his concentration can not he reached by a single 
distillation from an ordinary still without some kind of fractionating 
column. For a long time the column commonly used was the "Ihircey 
pan,” a special type of still head msed practically entirely by the hard- 
\yood distillation plants. Many other tyiies of columns are now used 
more in line with modern fractional distillation aiiparatirs. The distilla¬ 
tion is controlled hy the gravity of the distillate and if the apparatus i.s 
not efficient enough to inodnee the required strength of alcohol in one 
ojiertition the last part of the distillate is kept sejiaratc and returned 
to the alcohol Ikpior tank for further treatment. 'I'he distillation is 
stojipcd when the gravity of the distillate shows no more alcohol dis¬ 
tilling and the reddue is run to waste. V small amount of oil distils 
with the alcohol anrl is sejiarated before further reliftiiig. 

When evaixirators and roll dryers are used for jireparing the 
acetate, the lime-lee still is usually cut out and a continuous column 
still substituted which is able to prepare ;i concentrated alcohol direct 
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from the neutralized pyr(jli>;nccms acid. 'J'liis results in a cousiderahle 
saving, since both the liny-lee .and the alcohol still operations are re¬ 
placed by a single distillalion ami a larger proportion of acetate liquor 
is left to he evaporated in the eflicient multiple effect evajxjrators. 

In most wood distillation ]dants the relining of the wood alcohol 
is carried no further than the preparation of this concentrated crude 
with no attempt to separate a commercial grade of wood alcohol. The 
crude is shipped to ccntr.al relineries where with the advantage of larger 
scale oper.ation the conqilicaled relining jirocess can he more readily 
carried out. Some of the larger i>l'anls or gnuqis of plants, how¬ 
ever, do their own refining. The apjiaralus and the methods used 
and the [iroducts obtained .are so \ari;ihle that no typical process can 
be described, hut the genend principle iiuolved is the separation by 
fractional distillalicjii of three fractions besides the water. These are 
in order of boiling ])oims ( i ) the "methyl acetone" fraction with 
lowc.st boiling point, ( _■) the middle fraction of rttined wood alcohol 
and (3) the liighest boiling frai'tion containing the allyl alcohol. Small 
amounts of oils soluble in alcohol but not in water arc present in the 
crude alcohol and frequently these are more readily rcnioied from 
certain fractions b\ diluting grealli with water, separating the oils, 
and redi.stilling ihe water solution. I In' only cbeniic.al treatments used 
arc simple washings with caustic soda and with snlplniric acid to re¬ 
move certain inqiuritics but not to help in the seiiaralion of the linal 
lirodiicts. 'file grade of the alcohol obtained will depend on the ef- 
ticiency of the apparatus and on die amount and tonqKisition of the 
methyl acetone fraction. With the same conditions otherwise the 
more "methil .acetone" obtained the higher will be the grade of the 
alcohol, that is, the less acetone it will contain. The iiroduction of a 
wood aliohol with as liiile as 11.i per cent acetone is a difticiilt ojieration. 


Yields of Products 


'fhe yields vary with the (|uality of the wood and with the care 
taken in the jiroccss so that it is dit'ticnlt to deterniine the average. 

I here are also a few kiln plants still in operation, so that the average 
of all plants is lower than for oven .and retort plants only. Census 
keport for 1(119 shows ai'cragc yields of 142 |K)imds of acetate of 
lime, J'.j gallons of crude wood alcohol and qi) bushels of charcoal 
per cord, ft is believed, boweier, that there must be .some,mistake 
in the.se figures and that 1X0 pounds of acetate, 10 gallons of crude 
wood alcohol and 4S bushels of charcoal per cord of wood is a better 
average, 'fhe Michigan and Wisconsin plants wdll commonly get le.ss 
acetate fh.an this .and the New York and Pennsylvania plants more, 
although Ihe wood seems to be very much the same and the apparalu.s 
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and methods identical. Some plants 5;ct over joo [lonnds of acetate 
and 12 gallons of crude alcohol per cord, - 

New Processes 

There arc .several new ])roccssc,s of wood distillation which have 
been given some publicity l)ut whicii are still in the e>;]x-riinental or 
develoiMiient stage ' so that Ijiey can not be classed with the com¬ 
mercial processes and details in regaid to the jiroccss attd yields can 
not be given. They arc, however. ;)romismg enough from a com¬ 
mercial standpoint or interesting enough from a technical standiioint 
so that they should be mentioned and hriellv discussed. 

It happens that all these new iirocesscs are designed for the dis¬ 
tillation of sawdust or small cluiis. 'I'lie ad\antages of this sort of 
material are (i) Jhat it may be obtained chea]ier than cordwood, 
( 2 ) that it can be more ra|)idlv and el'ticiently dried, and (3) that 
it can be handled by a <-onlinuous piocess. J'lierc are, however, many 
disadsantages in using sawdust or chips. In the first ])lace, wood 
itself is a good nomconductor of beat and sawdust is even better 
in thi.s respect, since a mass of sawdust contains many closed air 
slKices which arc still bettei non conductors. .V .sfationarv mass of 
sawdust is, therefore, \erv diHicult to distill, since it is almost im¬ 
possible for the heat reiiuired to ]iass through to the center of the 
mass. It is necess.ari, therefore, that the sawdust be stirred either 
by a rotating retiVt or by some kind of agitation within the retort. 
This immediately introduces other complications, hither a stirrer 
or a rotating retort re(|uires mo\ing jiarts which must lie joined gas- 
tight to the slationar\ parts of the retort, and at the temperatures of 
destructive di.stillation Ibis is not a simple problem. The agitation of 
the mass also stirs U]i a great deal of line ihanoal dust, which tends 
to be carried out of the retort with the \apoi, and to clog the con¬ 
densers. If the process is to be contimioiis. it is also necessary to 
introduce the sawdust without intiodiking too nnub air and without 
allowing any of the products of the distilkition to escajic. 'I'he char¬ 
coal must also be rcmoied through some kind ot a gas-tight seal. 
The cooling of large qinintities of finely divideil cli.arcoal is also a 
difticuh: problem and tins, together with the marketing of large quan¬ 
tities o'f such a product, again adds to the difticnlties of s^iwdust 
distillation. 

The Briquetting Process 

The Amcr'l-'an Wood Reduction t'o, avoided many of the (irob- 
lenis in connection with sawdust distillation by making llie stiwdust into 

'Two of these piDft’Sscs have Ikmi |nit in i'iai.itn>ii I'.i tfintiu n i.il jilanls Mtu'i* 

Hits was written. 
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a solid block of wood before distillation. In other words, the sawdust 
or very small-sized wood^ 'was briquetted and distilled in the form of 
briquets. When sufficient pressure is applied to wood a very solid 
briquet can be formed without the use of any binding material. These 
briquets, however, when made of hardwood, tend to fall to pieces 
during destructive distillation; consequently the benefits of briquetting 
would be largely lost. It was found, however, that, if these sawdust 
briquets could be subjected to slight mechanical pressure during the 
distillation, they remained in one piece and fairly firm, regularly 
shaped pieces of charcoal could be niade by this method. 

The process finally developed by this comi)any included the con¬ 
version of the waste wood in the form of sawdust or small chips 
into 4-in. briquets, which were loaded from an automatic loader into 
retorts, consisting of a series of horizontal tubes 20 ft. long and with 
an inside diameter slightly greater than that of the briciuets. Each 
of these tubes was ])rovided w'ith a piston, by means of which a small 
pressure of 8 or 10 lbs. per sq. in. could be e.xerted continuously against 
the column of briquets during the distillation. (.)n account of the 
small diameter of the tubes, each of which really acted as a single 
retort, the complete distillation could be finished in about three hours, 
and the temperature control was good enough so that unusuaily high 
yields were obtained. The cost of ])repanng the wood ft)r distilla¬ 
tion and the rather complicated and small-capacity apparatus was, 
therefore, compensated by the high yields and short length of time 
in the retort, A plant to use this pr(jce.s.j was under construction 
during 1918, but was never put into oiK-ration, and the process never 
had a trial on a commercial scale. 

The Sawtelle Process 

The Sawtelle process also avoided some of the usual comi)lica- 
tions of sawdust distillation by a combination of the distillation of the 
wood and the manufacture of producer gas from the charcoal. This 
was acconi])lished by using an updraft gas producer with wood as fuel. 
The wood in the form of sawdust and fine chips forms a cone-shaped 
pile in the gas producer, the upiK'r i)art of which is wood in the 
drying stage, the next layer wood in the stage of destructive dis¬ 
tillation, and the lower layers charcoal in the process of manufacture 
into proilucer gas. The heat re(iuircd for di,stilling and drying is 
furnished hy the hot gas. Since charcoal is not a product 'of this 
process, the difficulties w-ith charco.d dust and with cooling the finely 
divided charcoal are not encountered. This jirocess has*oi)erated suc¬ 
cessfully from the mechanical standpoint in a small commercial unit 
producer, but accurate yield figures could not be obtained on account 
of the lack of a gas scrubber. This process produces probably 8 
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to to times as nuK'h gas as the ordinary 
jiriicess and tlw losses in the unscruhheil 
gas are, tlierefore, very high, esiteoially the 
loss of alcohol. With the use of gas scrub- 
hers there, seems to he no reason, however, 
why this method should not give the maxi¬ 
mum yields, since the process is a con- 
tijuioiis one and the temperature can 
readily he controlled. Jn localities where 
there is a demancl for the jjroducer gas 
obtained, this process should he very prom¬ 
ising, hut under present conditions the 
|ire.sencc of large (inantities of hardwood 
waste in localities where there is also a 
deiiKind for power is nncommoii. 

The Stafford Process 

'J'his process was de\elo|)ed with the idea 
of itlilizing fully the exothermic reaction 
of wood distillation. The process and 
apparatus is of the simiilest, consisting 
merely of a large, well-insulated chamber 
into which the dry, warm wood is intro¬ 
duced contiiiuousl). rile heat of decom¬ 
position of the wood is .snl'licietit to bring 
ati eijual (pianlity of dry, warm wood to 
the distillation point; and the process is, 
therefor- , continuous without the aildition 
of heat from the out,sidc. A thick layer 
of charcoal is kcot in the bottom of the 
retort and iiaith cookd charcoal can he 
withdrawn coiitinuously or at intervals. 
This process reipiires no moving parts 
inside the retort since the heat interchange 
hetween incoming wood and the hot vapors 
and hot charcoal iti the retort is rapid 
enough without any stirring. A large plant 
n.siiig this process is now in commercial 
operation hut no details of the re,suits are 
.ivailahle. There seems to he no reason 
why this ])roocss .should not obtain maxi¬ 
mum yields. 

The Seaman Process 

'flic Seaman process was developed and 
demonstrated in a commercial-sized unit 
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TABLE I. 

Hakuwoods CoNSU',fEi) IN Distillation, uv States; igiij. 


State 

Number 

of 

e.stablish- 

nients 

gUANTITY 

COST 

Cords 

Per cent 
distribu¬ 
tion 

Total 

Average 
per cord 

United States . 

87 

1,186,47" 

100.0 

* $7,965,069 

$ 6 . 7 f 

M ichigan . 

US 

048,010 

54-7 

4 . 307,797 

6.64 

I’entisylvania . 

42 

281,3.0 

23-7 

1,882,795 

66g 

New ork. 

-’O 

104,403 

8.8 

747,882 

7.16 

Wisconsin . 

.5 

(10.344 

5 I 

519.131 

857 

All other states. . . 

t 7 

01,-10 

7-7 

* 507,464 

5-56 


* liicludrs one (■sl.iblivlini<iit in wnod dishllatiiiti, hut pnniardy ulH'ratiiig a blast 

furnace. 

i IncluiUs i'stal)li''lini(',iiv disiiil>ul<d .is folluvis; .-M.ihuni.i, r; (.'imuetticut, i; KcnUitky, 
i; Mlsibibslplii, 1, Mtssi.un, I, 11 Tiiu ssi'i , I, aiiil Wi'-t V'nyirjia, l. 


several years .af^ti. 'I’lie aiiparatns cunsisletl of a rotating inclined 
retort .ahoiit .50 ft. long liy 3 ft. in diaincter. The hot, dry .sawdust 
was cliarged at the upper end and the charcoal was removed con¬ 
tinuously from tlie lower end. 'I'he ingenious devices' for introducing 
the sawdust without introducing ;iir and for removing the charcoal 
without allow'ing the escaiie of gas were loiind to ‘work very sati.s- 
faetorily on this demonstration retort. The yield of acetic acid obtained 
m this apjiaratus was unusually high, hut for some unknown reason 
tile alcohol yields were .somewhat low. .\ commercial plant to use this 
Jirocess was ready for o|)eration early in HjiS, hut many difliculties 
were encottntered. especially the l>lugging of the conden.sers hy charcoal 
dust which was earned over from the reiorts. it is reported that lhe.se 


TABLE 2. 

OrwTiTV OK l‘iiOiieiis iiiu.M IIakdwooii Distillation: lyiy. 


Kind 


yuantity 


Crude wool alcoln 
Acetate of lime.. 

Charcoal . 

Tar . 

Tar oils . 

Wood creosote .. 


.gallons 
jiouiids 
hilsliels 
. gallons 
.gallons 
.pounds 


* d.nid.tiyfr 
168,95(1,432 
4 fL 3 .s 4 J 4.2 
552,124 
222,398 
' 1 I 45.()05 


' Includes a sniall .uiioiiiit of uttctl aliolio) nittnufaitiircd from s(>ftwiiocIi>. 
» U. S Tat. No. 1,-*3(1,885. 
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difficulties have now been overcome and that several of the retorts 
are now oiierating continuously and conimf^cially. 

The Whittaker-Pritchard Process 

In this process the heating medium is a current of hot gas which 
circulates from the heater to the distillation chamber to the con¬ 
denser and then to the heater again. In this way the difficulty of 
heating finely divided material without stirring is a\oided. This 
process has been used success%tlly for ibe destructive distillation of 
other materials than wood but it has onlv lieen suggested as a wood 
distillation process and even experimental results have not been reported. 


Statistics 

Tbe latest staflstics on hardwood distillation are gi\en in Tables 
f, J and 3, taken from the liureau of Census rejiort, “b'orest Products: 
1910.” Table 1 .shows that tliis industry has made a start in the, .South, 
although for many years it was conlined entirely to tbe nortbern bard- 
wood regions. .Since 1919 other |)lants have been put into opera¬ 
tion in 'J'ennessec and West Virginia, so that the southern representa¬ 
tion is even greater than shown in tbe table. The Xew York and 
Penn.sylvania plants are in two groipis. one in iKjrtbwestern Penn¬ 
sylvania around Pradfonl with two idants jnst across the line in N’ew 
^ ork, and the other in northeastern Pennsylvania and contiguous parts 
of New 'S'ork. Tbe Michigan plants are in the north ]KMiinsula and 
tbe northern ])art of tbe south tieninsula. I bc \\ iscmisin plants are 
in the tnost northern i)arts of the state. 


T.\ULE 3. 

Fni ii’MEXT PsKii IV Tlnniwnnn Jiisum.mkiv. 


State 

RKTOkTS 

0\ LNS 

KIL.NS 

Atterc- 

ttate 

capacity 

(cords) 

Xum- 

ber 

Total 
capacity’ 
( C(frds) 

Num¬ 

ber 

T.)tal 
capacity 
( cords) 

Num¬ 

ber 

Total 

caiiacitj 

(cords) 

Micilijian. 

ibo 

1,102 

20 

180 

130 

8,Joo 

<). 48 j 

Xt‘w Vork. 

18S 

- 7 « 

47 

386 


* 

66s 

I’ennsvtvania . 

J14 


i 5 ‘> 

1,31^ 

12 

120 

J,ii8 

\\ isconsin . 

10 

8-- 




1,750 

1,832 

All <itlier states * . 

5 b 

.s-? 

0 

^ Oo 


! 

587 

Total . .. 

()j8 

s’,676 



167 

io,o;o 

14.684 


* Includes .\laluiina, Coiineclicul. Kentucky, Missis-sippi, Missouri, Tcnnesiiec, and West 
' npinia. 






30 


WOOD DISTILLATION 


Table 3 gives the total capacity in cords of the retorts, ovens and 
kilns. These capacity figures are not in cords per day, however, but 
in actual holding capacity- of the apparatus regardless of how long it 
might take to distil a charge of wood. This method of reporting makes 
the kilns seem more important than they really are, since the actual 
daily cajacity of kiln plants in operation in 1919 was probably not 
more than 400-500 cords. On this basis the rated capacity of the plants 
in operation in 1919 was al)out S,ooo cords per day and figuring on 
300 working days jjer year the plants were prodtteing at about 79 per 
cent of rated cajiacity. 

There is also a mi.stakc in tlie classification into retorts and ovens 
in 'fable 3, since there are no retort plants in Michigan or Wisconsin, 
and since the capacity of the “retorts” as given for these states and for 
"all other slates” is seen to be about the same as that of the ovens, 
while the cylindrical horizontal retorts hold only about l cord each. 
'I'his mistake is probably due to the fact that in the localities to which 
the industry has more recently sjiread the old fashioned cylindrical 
retort plant has never been built and the ojierators are likely to call 
their ovens “retorts,” since there are no real retorts in their vicinity 
to furnish the distinction between the two terms. In New Vork and 
I’ennsyKania, where there arc a few retort plants left and the memory 
of many others, the distincticjii between “retort” and “oven” is more 
likely to be properly made. 

'file War Industries Hoard Price Mulletin No. 51 gives an estimate 
of prodnetion for the year ipiy w'hich shows the ( ffect of the war 
demands for these products. .Acetate of lime iiroduetion was esti¬ 
mated at 200,000,000 ptjtmds for 1917 and refined wood alcohol and 
methvl acetate at 8,ooo,oot) and 1,400,000 gallons, resjiectively. The 
production during 1918 was probably even gre.ater than this. 

The United States is by far the largest producer of wood distilla¬ 
tion products. For comparative purposes the e.^timated figures for 1914 
are given for the United States, Gcnnany-Austriti and Canada, the 
three largest ]miduecr.s; 



Acetate 

T« >ns 

Wood alcohol 
(iais. 

Wood used 
Cords 

United Slate.s . 

80,000 

0,000.000 

1,000,000 

(icrmany-Aiistria . 

25,000 

2.8(K>.000 

500,000 

( anada .-. 

8,500 

050,000 

iio,()oo 


It is not known in what countries the production listed under Germany- 
Austria is now located but it is believed that most of the crude products 
are manufactured in Czecho-Slovakia. 

Aside from the.se countries, .Sweden, Fiigland, Ja|)an, and France 
are known to have small wood distillation industries but accurate 
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statistics are available only for .Sweden. In 1917 Sweden produced 
alcohol and acetate equivalent to the rated capacity of one so-cord 
plant using American hardwoods. Sweden several well equipped 
wood distillation plants and the explanation of the small output is 
that hardwoods are not abundant and resinous wood is the raw ma¬ 
terial commonly used resulting in low yields of wood alcohol and 
acetate. In 1915 Jujian bad dcveloj)ed an industry which gave an 
output equivalent to aliout one 50-cord plant, b'rance has had a small 
industry for sonic time. It is* reported that Argentina has started a 
small industry and one ])lant has'recently begun operation in India. 

Importance of Wood Distillation Products 

Before 1916 the ])roducts made by wood distillation were not ob¬ 
tainable commercial^’ from any other source except acetic arid in the 
form of vinegar and this was not a competing product, since it was u.sed 
only in food products and acetic acid from wood distillation was not 
used in this way. The great demands for acetic acid and acetone 
during the war, how'cver, led to the development on a commercial 
scale of several new processes for making these ))roducts. Of these 
new jirocesses two haw continued in o])(M'ation since the war and 
may become serious competitors of hardwood distillation. One is 
the production of acetic acid .synthetiiallv from acetylene and the 
other is a fermentation process for obtaining acetone direct from starch. 

Charcoal 

Charcoal has la'cn known and use<l as a fuel since prehistoric 
times, but at ])reseut it has onl\ special fuel u.ses. Probablv the largest 
single use of this kind is in blast furnaces for the manufacture of char¬ 
coal iron. Many wood distillation plants are built in connection with 
blast furnaces, and their entire output of charcoal is used for this 
purpose. It is also used birgely as a special domestic fuel, and con¬ 
siderable quantities are still employed in the manufacture of black 
powder. Charcoal has also a large number of miscellaneous uses, such 
as in stock and ])oultry foods, in case-hardening compounds, and as a 
deodorfeer and heat insulator. 

Acetic Acid 

Acetic acid has a W’ide u.se in the chemical industry in the prepara¬ 
tion of various inorganic acetates such as lead, copper, and sodium 
acetates, and in the pre|)aration of white-lead pigment. It is used 
widely in the organic chemical industry, especially in the pre|>aration 
of cellulose acetate for films, laquers, plastics and artificial silk; and 
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ill the iiri'paration of various organic acetates, such as methyl, ethyl 
ami amyl acetates which are used as solvents. It enters in the manu¬ 
facture of variou.s synthetic organic chemicals such ns indigo, salvarsan 
and acetyl-salicylic acid. It has also several miscellaneous uses, as in 
tc.xtile pkiils in the dyeing process, in laundries, in tanning, and in 
the manufacture of insecticides, soaiis, toilet articles, and chrome vcllow. 
it is also Used on ruhher plantations foi coagitlating the latex. 



Fic. 7.—Retort House, ('oolcns, ami I liaivo.al Sliel.',. 


Acetone 

Acetone is used largely as a solvent and lor certain purposes of 
thi.s kind it .seems to he almost indisix'iisahle. This is especially the 
ca.se with certain cellulose acetate films and lac(|uer.s. which re(|uire a 
large proportion of acetone in the solvent for obtaining the best re¬ 
sults. Tile smokeless powder ii.scd by the Hritish (lovernnient is 
generally made with acetone as a solvent. Large (juantitics of acetone 
have also been used tis a solvent for acetylene in portable lighting 
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aiifl weldinj? oullits. .Alxiut tlie only chemical use of acetone is in the 
manufacture of chloroform and iodoform. 

Wood Alcohol 

Wood alcohol has a larije numher of uses for which there seems 
to he no .suhstitute |)ossihle, I'ormerly the lar<;est use of wood alcohol 
in this country was as a soKent in the manufacture of varnishes 
and lactjuers, es|)cci;illy those i*<jntainin,y shellac. 'J'his use has, how- 
everf declined very rapidly <il laJc. and onlv small (|itanlities of w'ood 
alcohol are now heinfj u.sed for this jnirpose The Uses in which 
wood alccihol enters into chemictd reaction with other materials have 
been ra])idiy f;rowmi; and alsjut the onlv important temainint; use of 
wood alcohol as a solvent is in connection with the mtinufacture of 
nioving-|hclure films. Its main chemical tise is proh.ahl\ in the manu¬ 
facture of formald(«liyde, as it is the onlv raw material from which 
formaldehyde has been produced commeru.ili\. I'ormaldehxde is a 
standard disinfectant for general use in hosiiitals and sick rooms. ;\n 
even more important use for formtildehvde. howewr. is found in the 
eradication of vtirioiis fnneus diseasi's which attack seed yraitis. The 
Department of .\pricullure has recommended the use of formaldehvde 
treatment for ])otatoes and for m;in\' t;rains. m order to |irevent these 
diseases atid increase the yields of the products I'ormtddehrde is also 
the base used in the rapidly mcrc.asine piodnction of sunhetic resins, 
such as liakelite tu'd Kedmanol. Wood alcohol is now used in the 
preparation of certain d\es which re<|uire tlie presence of the methyl 
Sroup. Methyl acetate and methyl salicylate, or artillcial oil of winter- 
p'reen, and other similar methyl esters re(|uire w'oiM alcohol in their 
production. 

Methyl Acetone 

Methyl acetone, which is a mi.xtme of wood alcohol, acetone, methyl 
acetate and other impurities in small (|nanlities, is ohtaineil during 
the refininp of wood alcohol. This material naturally \aries in coni- 
po.sition as produced at dilferent refininp plants, hut it has the .same 
fteneral uses in all cases—ntimely, as a sohent. It has sohent pro]i- 
erties v'hry similar to acetone and in ,!.;eneral superior to those id’ pure 
wood alcohol. Its s|iecial use, however, is in the denaturing of ethvl 
alcohol. 

Wood Tar 

Wood tar has not yet hecome an important product of wood dis¬ 
tillation. althout'h there has lieen considerable derelopment along this 
line within the last few years. Motation oils, solvent oils, heavy tar 
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oils for paints, stains, preservatives and insulatiiif;: pitch are some of 
the important products ohtained from wood tar. One important prod¬ 
uct for which wood tah i.s the only raw material is the medicinal 
beechwood creosote which has been manufactured to a considerable 
extent in this country since 1915. 



(Chapter II. 

Wood, th^ Raw Material. 

'I’hc ihnr niaiii nmstiliifiits srparalfly in wnods arc the 

wood fiber, llie extraeti\es and w.aler. 'I'lie wood fiber is a ligno- 
eellulose which, as will l)e seen l.aler, does not differ markedly in 
different species except helween the two main divisions of hardwoods 
(deciduous woods, an,i;iosiK'rm,s) and softwoods (coniiers, evergreens, 
resinous W'oods, gyfnnosperins), The extractives are the suhstances 
soluble in neutral .solvents and m;iy consist of gums, resins, tannins, 
volatile oils, bitter principles, carbolivdrates or coloring mailer. Most 
of the striking differences in woods, such as color and odor, are due 
to the extractives alone, lint differences in sjiecific gnivitv may be due 
either lo extractives or to the physical sirucime of die fibres. Water 
is always a n.atural constiluent of the wood and is present in most 
wood even after it has been dried bv any ordinarv method. It is 
not an im|)orlant conslilueni ibeniicallv e\ce]il that it is verv variable 
and the amount of it iircsent must be known in order to determine 
the exact amouni of dry wood in a known amount of wet wood. This 
may .seem self evident but it is a point fre(|uently inerlooked in both 
indu.strial and experimental work with wood. 

The dividing line between these .iitiin constituents is sometimes 
bard to distinguish, .as for instance whether a certain gum is an ea.sily 
hvdroli/ed constituent of the ligno cellulose oi whether it occurs as 
an extractive separate from the ligno-cellulose. I'he dividing line be¬ 
tween waiter and wood fiber is usually drawn at 105" t'„ although at 
higher temperatures .small amounts of water may be driven off w'hich 
may not be strictlt water of constitution. 

Wood Analysis and Composition 

Methods of analysis ha\e been develo|ied for wood which 'deter¬ 
mine ipiantitatively the various constituents or groups of constituents 
existing se|)aratelv in the wood and also the larious chemical grou|),s or 
radicals which,exist in the ligno-i cllulosc aggregate. Commonly the 
constituents thus determined are not all distinct and .sejiarate so that 
the restilts are not additive but Dore ' has succeeded in arranging 

^ Jour. hid. iiiii,'. ii, Sf;i' (19J0) 

.VS 
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the percciilage results of certain deternuiiatinns so tiuit they add to 
approximately too per cept in the case of softwoods. Some of the 
“constituents” are very iiidefinite in composition and some arc merely 
chemical constants of the liftno-ccllulose or of the total wood, hut if 
the methods by which they tire determined are specified in detail the 
analytical results can lie duplicated with ftiir accuracy. Very wide 
variations can be obtained by slight modification of the method of 
analysis or of the method of jireparing the sample, so that results 
by dift'erent analysts usually can not he compared, ()ne analyst may 
determine that tiie cellulose in a ceftain sjiccies of wood is 65 per 
cent and another m:iy find 55 per cent. This may not he due to faulty 
methods or careless work hut to the fact that the two analysts have 
different definitions of "cellulose.” There is also a. variation in com- 
jKisitiou of wood from dilTerent trees of the same siiecies and from 
different jiarts of tlie same tree, ,so that the average composition of 
the wood of one species can not he based on one of two samjiles unless 
these are composite .samiiles carefnllx' selected. 

It was with these facts in view that a scries of chemical analv.ses 
of wood was started ii\ the Ihircst I’roducts Lahoratorv .some time 
ago.- It was decided tliat the results should he as truly comparative 
for the different s|iecies as was possible with a reasonable nuniher of 
analyses and, therefore, samples were selecti-d with care and the same 
methods of analysis, with slight moililicatioii, were used throughout. 
Table 4 gives tlie main results of this series of analyses.' Tlie re¬ 
sults of other iinesfigators are not mentioned since thc\ would not 
he comparable with these and no other so comprehensive .series of wood 
analyses exists. 

The hot and cold water soluble and the ether soluble determina¬ 
tions represent most of the CNtractnes, the first two including the 
gums and tannins, the last includin.g the resins and lolalile oils. The 
I ])er cent sodium hydro.vide soluble includes most of the extractives 
as well as part of the pentosans and certain ill-defmed portions of the 
lignin. 

The figure for "acetic acid by h\drol\sis'' is the jiercentage of total 
volatile acid (coni|)nted as acetic acid) obtaineil hv boiling the wood 
with I'/i |ier cent .sul|ihuric aiid. This total volatile acid usually 
contains a sm.all proportion of formic acid. 

The methoxvl groups l(.'ll;,0-—j are determined by treating the 
wood'with hvdriodic acid and determining the amount of methyl iodide 
formed. 

The pentosans are determined from the amount of furfural formed 
on boiling the wood with u per cent hvdrochloric agid. .Sometimes 

*Schorgcr, Jour. htd. I nn. i'licin. y. 556 uinl s(-t (njj;). 

’’The work starttH by Si'horRrr has been confiimcd bv Malu'od mid Cable, Jour Ind 
Eng. Chein. 16, 3752 and by Kilter and J-'lcek, Jour. hid. tug. ihcin. i6, 4337 09^2)! 
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methyl pentosans are also delcrmined, but these seem to have little 
significance and are not ^^cllKled in Table 4. 

(Tllulrisc is such a i^iorly defined material that there is much 
difference of o])inion as to wiiat wood residue should be called “cel¬ 
lulose” and there is a tendency to write the word in (piotations so as 
not to convey the impression that a certain definite com[)ound is 
meant, but in this discussion cellulose is fairly closely defined by tbc 
method of separating it. I5y treating the wood with chlorine gas, a 
water solution of sulphur dioxide, and hot water in this ordef re¬ 
peatedly until all color has been removed, a residue is obtained which 



is the “cellulose” of this discussion. This is the “Cross and llevan” 
cellulo.se which has been the basis of the analysis oi many ccllulo^ic 
materials and the results of its determination can be duplicated with 
accuracy.'' 'J'hat this cellulose is not of the same composition when 
prepased from different woods is shown, lujwever, by the variati<jn in 
the values for “pentosan in cellulose” and for the alpha, beta and 
gamma cellulose. 

The lignin is obtained as a residue on treating the wood with 70 
per cent sulphuric acid. The cellulose as s<‘i)arated tyy the method 
desicribed above is subsequently divided into three kinds of cellulose, 
the alpha cellulose being insoluble in 17.5 per cent sodium hydroxide, 


* Sec Schorger and Mahood and Cable for details. Loc. cit. 
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the beta being soluble but rejirecipitatecl by acetic acid and the gamma 
being soluble and not reprecipitated. i 

It should be noted here that each of these deterniiiiations except 
those under the heading “In cellulose” is made on a separate sample 
of wood and that many of the constituents overlap. J'or in.stance, most 
of the cold Water .soluble is also determined in the hot water .soluble, 
most of the cold water, hot water, and ether soluble in the alkali soluble, 
most of the methoxyl in tlie lignin, and part of the pentosans in the 
alkali soluble. ^ 

Aside from the results shown in 'labie 4 there are a few series 
of determinations of single con.stitueiils of woods which should be 
mentioned here. .Methoxyl detenmnations on a l.trge numher of 
woods have been made, by I'enedikt and llamherger.' In comjiaring 
their figures with those in 'I'able | it should he noted that they express 
their results in terijis of “methyl numbers" instead of methoxyl and 
that their figures should, therefore, he multiplied bv 31/150 for 
pro))er comparison. 1 bey suggest tins metliowl determination as a 
measure of the "lignification'' of the wood, hut 'I'ahle 4 shows that 
there is no close relation between ibe amoimts of methoxvl and lignin. 

1 he nitrogen content of stnerid sjiecu’s of wood has heen deter¬ 
mined by Koenig and llecker'' and tbeir resttits are shown in I'ahle 5. 

T M’.I.I'; 5, 


^ N 1 JHIM.I N ( (I\1 ! 

s r <iF \V<hmi. 



1 ’rtilcin 
i\ X (. J.s 

Nitrogen 


1 

1 t r cciil ! 

Per cent 

I'ir Ko. I. 

1 J! 

0 ly 

I'lr No. 2 . 

J .21 

O.K) 

J’lne . 

1 27 

020 

Bircli No. 1 . 

1 

0.21 

Mirch No j . 

2 

0.36 

Poplar Ni). I . 

1 slW 

022 

Poplar No. 2 . 

i 1 } 

0.18 

Beecli . 

1 =;H 

0.25 

Ash. 

1 .it' 

0.21 

Willow . 

1 17 

0 ly 

Alder .. .. 

1 

o.jo 


Matty other determinations of various constants and constituents 
of these .species are also reported in this article, hut they will not 
Ite given here, ^.since they are not closely comparable with the results 
given in 'I'ahle 4. One point of s|iecial interest is that they rejtort the 
lignin content of conifers to be regttlarly higher than that of hardwoods. 

® Monatsh, ii. 2<)o (i8yo). 

* Papicr-Fabrikaut j/, 981 (1919). 
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'I'he ronleiit and c(ini]X).sitioii of the ash in various sj^ecies sliown 
in Table 6 are taken from White’s work.' 

'I'he variation in eheniical coni])o.sition between heartwood and sap- 
wood has not lieen systematically .studied, hut in jjeneral tlie e.xtrac- 
tives are higher in the lieartwood, this being surely the ca.se with resins . 
and coloring matter. 


TABLE (t. 

Analyses of \\«)on .Ashes. 


S|iccics 


1 lardwoods 

Itickur\ .... 

Red oak . 

While oak . 

Post oak . 

Jtogwood . 

Ash . 

Chestnut . 

Sycamore . 

Magnolia. 

Average for harduoiaN 
Softwoods 

Pinti.s [lalusliis . 

Piims mitis . 

Picea nigni . 

Average for softwoods 


Ash conU'iil of 
dry wood 

I’otasli in 
(K.t>) 

Per cent 

Per yen 

0.81 

i«g.t 

094 , 

16.41 

0.41 

J9.90 

l.Ji 

15-46 

1.05 

20.0.3 

047 

J 4 74 

0.20 

'.T 3 .t 

l.IO 

1K.24 

0 f )7 

n ).‘;4 

0 ~() 

20 28 

54 

15.55 

0 38 

12.97 

03J * 

10.45 
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Variation in Composition of Species 

I he main variations in composition are between the hardwoods and 
the .softwoods. I he hardwoods are generally higher in the amount 
of acid by hydrolysis, nietho.wl grotii>s. jK'iito.sans, and |)entosatis in 
cellulose. 'I'he ash and the ))ol;tsh content of the :tsh are also higher in 
the hardwoods, t ontrary to the general ojtinion the cellulose is not 
generally higher in softwoods and the ligniti is not generally higher 
in hardwoods. 

Ihc high ether .soluble in longleaf pine and Western yellow pine 
is dutt to the high resin content of the wood from these species. The 
high water soluble in Western larch is due to a gum, galactan, which 
occurs in unusually large fjuantities in this .species.'* I he coihposition 
of the material which furnishes the high water .soluble value for mes- 
quite is not known. 1 he action of i per cent sodium hydroxide is 

m 

21 (19^9)'* ^ Kx])criimnt Stah.tn. Keporttd by Balctnciii, Chrm. & Mei. Ehs- 

“ScliorKcr and Smith. J. A C. S. 8 , 404 (r9i(»). 
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greater on hardwoods than on softwoods, the average of hardwoods 
from Table 4 t)eing 21.5 per cent and tiie soflv»'(>ods i/.(> per cent. Thi.s 
difference is more marked if we exclude tlie'woods which have high 
water soluble or ether soluble and include only those in which the 
action of the alkali is mainly on the ligno'Celliilose (i)rohably on the 
pentosans). F.xcluding ines(juite from the hardwoods and longleaf 
pine, Western yellow ])ine and larch from the softwoods, the average 
solubilities iti alkali of the rest are, res|)ectively, .20.5 per cent and 
15 pfr cent. 

Another difference lietwccn flic hardw'ood atid softwood groups 
which does not show in the t.able was sttidied hv .Schorger " wlio found 
that all the softwoods contained mamiaii. some in quautities as high 
as 7 per rent, while the hardwoods contained none of this substance. 

Effect of Composition on Value for Distillation 

• 

There arc no direct and (jnantitatiie relationships known between 
the compo.sition of a waiod and the value for distillation, that is, chem¬ 
ical analysis will not give sufficient information oti which to base 
the probable yields of distillation products. There is, however, ati ap¬ 
parent connection between some of tbe values determined by analysis 
and the yields of nictlivl alcohol and acetic acid. It would naturally 
be expected that the nielhoxyl groups would be the only source of 
methyl alcohol and that the yield of this product by destructive dis¬ 
tillation would, tberefore. bear a relation to the amount of nielhoxyl 
in the wood. To a limited extent this is true, but ttnfortutiately only a 
small and variable part of tbe metho.xyl in the wood forms methyl 
alcohol on distillation. It has been noted that the hardwoods have 
generally higher methowl values titan tbe softwoods and it is also 
tiue that the yields of methyl alc' liol are also higher from the Iwrd- 
woods, but the ratio of mctiioxyl groiiiis to methyl alcohol is not the 
same in tbe two classes of wood, being .diout 4 for certain hard¬ 
woods and about 7 for lertam .softwoods. I iicic are not enough figures 
available to show whether these ration hold for all .sjiecies, but in 
the case of maple and birch, uhich differ in methoxyl content by about 
I ))er cent, tlieie is a corresponding ililTcrcnce in methyl alcohol yields. 

The acetic acid bv bvdroivsis is higher in hardwoods and the acetic 
acid by'.distillation is also higher, but here there is no sort of regu¬ 
larity in, the ratios between these values. In fact, it is unlikely that 
the acetic acid obtained from wood by these two methods comes from 
the same part of tbe ligno-cellulose, since cellulose yields little acetic 
acid by hydrolysis but considerable by distillation. Kla.son has also 
shown that bir'h cellulose yields much more acetic acid on di.stillation 
than spruce cellulose. 

* The Chemistry of Wo<k1, Ill. Jour. JnJ. Lug i hetu. 0, 74^ (lyt?). 

Arkh' for Kcmi, Min. ocli Gi'ol, 1007. Z. antjew < liruiic s, (mng) 
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It is not known just what offcct the various extractives may have 
on the yields of dislillat^itli |)ro(luets exee|)t in the ease of very resinous 
woods, .such as “liglitwood" or stunipwood from lougleaf pine where 
the resin is the source of the main valuable distillation products. This 
will he treated as a special case in another chapter. 

It is also unknown what effect the other differences in composition 
between hardwoods and softwoods ha\e on the jiroducts of di.stilla- 



J''k: 0. —('harcoai eoiiiL; from first to Serotid ('ooUts. 


tion. The much greater ])ro|)ortion of penlo.sans in the htirdwoods mu.st 
influence the distillation products in some way. hut this effect has 
never been noticed. 

When we have more c<iniparative figures on chemical an.'ilyscs and 
yields of distillation ]iroducts not only from the same .species but 
from the .same pieces of wood it will ])rohahly he |)ossihle to find 
some clo.ser connection between analvses an<l yields, hut at jir'csent the 
data are too fragmentary. It may he jiossihle sometime to determine 
the value of a wood for methyl alcohol jiroduction from the methoxyl 
content and even at ijresent the greater value for methoxyl than for 
the methyl alcohol obtained by distillation is useful in showing the 
possibility of greater alcohol yields. 
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Yields from Various Species ;|nd Forms 

I 

As will be noted in a future section the yields of various products 
can be varied by the conditions of distillation and. therefore, most 
of the comjjarisons of species and fonns to he f,'i\en here will he 
from one series of tests made under as nearly as possible the same 
conditions. With the usual variations in the wood from the same 
species and with the dilliculty of cnntrollinjr the distillation conditions 
it is'not to he cxi^ccted that one of two test runs will give the average 
for the species, hut only by careful selection of the wood and averaging 
the results from .several runs can satisfactory tigures he obtained. Most 
of the results given here are taken from the I'orest .'service work on 
this .subject.'* 

The distillations were made in a horizontal, cvlindrical retort 15" 
in diameter and .V>" long, heated by an oil jacket. The average moisture 
content of the wood was determined from small blocks cut from se¬ 
lected ])ortions of the charge just before going to the retort and the 
yields were computed on the dry weight of the wood. The acetic 
acid yields are the total vokitile acid ligures determined by distilla¬ 
tion and titnition of a portioti of the iiyroligneous acid. This intro¬ 
duces a slight error, sitice some formic acid is always presetit. The 
alcohol vields are determitied from the s|)ecilic gravitv after .several 
distillatitjus with e.xcess of sodium hydroxide; they, therefore, include 
acetone, methyl acetate and other low gravity products which may he 
present, but the methyl acetate would be mostly hydrolyzed by the 
treatment and acetone occurs only in small quantities when wood is 
distilled under these conditions. 

Table 7 gives the yields of tdcohol an<l acid from several forms 
and species. It is seen that the sjjecies most commonly used for 
distillation, beech, birch and maple, are among the highest, while oak, 
which has only recently been used in kirge ipiantities, is lower in both 
acid and alcohol. Hickory, elm and ash .ire also high in alcohol yields. 

The variation iti yields between heartwood and saiiwood or heart- 
wood and slabs (sapwood and bark) is \ariahle both in amount and 
direction. The high acid yield of beech slabs is shown to lie due 
to the sapwood, wliile the high alcohol yield of maple slabs is due 
to the hark. Much further work needs to be done to get ligures on 
heartwood, sapwood and bark for the different species. 

Similar small scale experiments have recently been made on 46 
species of wood from .South India, Mysore and Baroda.'- None of 
these woods gi •es yields of both alcohol and acetate as high as the 

"Dept Agr. Bulls, i^g and 508, “Yields frmn the Dcstiuctive Dustillation of Certain 
Hardwoods.*’ 

Watson and Suflboroiigh. Jour, hid Inst Set., Vol 2, Part VII, p. 79 (1918), and 
Vol. 3, Part IX, p. .iSi (lo^o). 



Yields of Alcohol and Acid from Various Species and Forms of Wood. 




























Yields of Pvroligxeol’s Acid, Charcoal and Tar from Various Species of ood. 
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standard American woods, beech, birch and maple, hour sjiecics give 
alcohol yields of more than 2 jxjr cent based on the dry weight of the 
wood, but the highest &id yield from any of these three is only 4.94 
per cent. This is also the highest acitl yield from any of the 46 sixtcies. 
'I'he distillations and analyses were carried on in much the same way 
as those recorded in 'I'able 7 so that the results should be comparable. 

Table 8 shows the yields of pyroligneous acid, charcoal and tar 
from the same distillations recorclctl in 'I’able 7. 'I'hese figures are 
not of so much im|>ortance and can not be compared so accurately 
on account of the fact that they may be made tfi vary to a certain 
extent by the maximum temperature to which the charge is carried. 
For instance, a slightly higher final temperature will certainly fle- 
crease the yield of charcoal and ])ossibly increase the yield of tar. 
The pyroligneous acid figures do not vary widely and seem to have 
no particular significance, but there is a certain amount of relation- 
.ship between the tar and charco.al values and those for wood alcohol 
given in 'I'able 7. 'Phis relationshi]) is brought out in 'l ablc y in 
which are arranged mo.st of the s])ccies of 'Tables 7 and 8 in order 
of the alcohol yields. The tar and cliarcoal figures are seen to arrange 
themselves in some semblance (jf onler, the tar values decreasing with 
decreasing alcohol and the charcoal values increasing in the same direc¬ 
tion. Especially noticeable are the high charcoal values for the oaks, 
chestnut and eucalyptus and the low alcolad and tar values for chest¬ 
nut. It is not known how much significance these figures may have, 
but it is possible that more accurate and complete d''tenninations would 
give more regtdarity in this arrangement and develoi) more definite 
conclusions. 

TAttLF. 0. 


Relation bftwkkn Ytf.U)S of Alcohol, Tar a.sd Chauuial. 


Species 

Alcohol 

Total tar 

Charcc lal 


JVr cent 

I’er cent 

IVt cent 

While Elm . 

2.\2 

l-M 

40.0 

Hickory . 

2.08 

1.1" 

377 

Maple . 

I (j 4 

12.8 

40.0 

Mixed Ash . 

I 01 

11.3 

41.0 

Silver Maple . 

180 

12.1 

41.2 

Black Ash . 

I.7Q 

IJ 4 

40. S 

Red Gum . 

1.7(1 

11.7 

' ,18 () 

Tupelo . 

l.5h 

10 6 

44-1 

Swamp Oak . 

1.50 

7.1 

4().5 

White Oak . 

I..t4 

7.8 

457 

Eucalyptus . 

i-.td 

37 

48.2 

Chestnut Oak . 

I 20 

lO.J 

46.0 

Chestnut . 

.90 

4.6 

47.6 

” Beech, slippery dm, tanhark oak, and birch art- Uft out, sinev they do not follow the 
general rule for the other species. 
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TMll.E 10. 


S.MAI.I. Si AI.K Di.sTII.I AIIONS IIV^SlNI IT. 
_ 1 _ 



I otal 
ilisullatf 

'l'.ir 

Acetic 

acid 

Charcoal 

(jas 

* 


IVr cent 

Per cent 

Per cent 

JVr cent 

Per cent 

Betula alba . 

...ta 

51 05 

540 

53*3 

4 ii.a 4 

19.71 

(Itircli) 

(F 

4-' Ilk 

3-^4 

4 43 

Ji..l(i 

35.56 

Fauns sylvaOca .. 

. . t.i 

51 ^'5 

’ .sks 

5*1 

_ 4 i (K) 

21.66 

(Beech) 

(h 

41 .t.s 

4 V<> 

,i Wi 

JI.iX) 

33-75 

Qucrcris rolmr ... 

... ta 

4 f< I.S 

3 7 '‘ 

40S 

3 l'’f^ 

17.17 

(Oak) 

(li 

•15 -M 

3 

3 U 

-7 73 

-17 «3 

Pinus abic-'! . 



4 4 A 

-^73 

30 -7 

24.36 

(Fir) 

|h 

5 J 75 

1)77 

-^ 3 '> 

.14 18 

24.07 

Piniis larix . 

....(a 

m 61 

<> 3 “ 

J (X) 

jft 74 

21.65 

(l.arcli) 

(li 

4.1 77 

.S .Sk 

j on 

t 

24 (X) 

32.17 


a —slow distillaiinii. 
I) — fast ilislillatii'ii. 


We liavc 11(1 such coinplctc Ii,l;iiics lnr tlic alcnlml ami acid yidd.s 
froin softwoods, l>ul the ^cnt'ral rule is that the liclds of these products 
arc I'Cry tiuttli lou'cr, so low iii fact that there is not much interest 
ill dcteriiiiiiiii.c the ijxact li^iircs. [touirlas lir has hecu shown to ^ive 
ahout .Oi) per cent alcohol and 1.5 per cent acetic acid when distilled 
in senii-conmiercial ap]iaratus." 'I'hc lii;nrcs in I able to taUen from 
SeillTt are not coniparahlc with those in the pn cions tallies because 
they were obtained under dillcrcni conditions of distillation, Imt they 
show the relative \alttcs of haidwoods and softwoods for acetic acid 
production. 


Moisture Content of Wood 

■Moisture occurs in wood in at least two ditlcrcnt forms; (l) the 
w'atcr occitrrin^ as such hctwceti the lihres ot the wood atid (2) the 
water adsorbed in the li,<ino ccllulose. 'I'hc water occiirriii}' between 
the wood fibres .acts like au> otber free water and cva|Kirates into 
unsaturaWd air until it is ail removed. 'J'lie adsorlied water, however, 
is decrea.s’cd in vapor iires.siirc and there is a definite e(|iiilihriuni be¬ 
tween the,amount of ad.sorbed water, tbe temperature, atid tbc humidity 
of the air with which it is in contact. This ci|uilibrium relation be¬ 
tween moisture jn wood and the humidui ot the air is shown for 

Compult-d fiom nsiili-. <>1 Ilinil. /I < w ( ciA / ri.n/'i-i iiuiii, iQia, .Tssimiiiig the wood 
used to oyntain is I'ci <<iit nn'istuie 
‘^Bcuchlc iS, (.0 (US85). 
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three different teni|K‘rriture> in I'iijure lo."’ 'I'hi.s tijjure shows, for 
example, tliat wood in ji'ontact witli air of 50 per cent humidity at 
70” F. can not he dried l)elow about p per cent moisture content. It 
shows also why “air dried” wood may vary from 5 to 25 ])er cent 
moisture depending on the temperature and humidity of the air. 



Fa.. 10.—Kclatidii between I fnniidity of Air and Mnistiire Content .if Wood. 

A green freshly cut piece of wood may conttiin as much as too (ter 
cent water, although the, usual figure is nearer fK) per cent. Contrary 
to the general belief there is very little difference between the moisture 
content of wood from a tree cut in the summer and one cut in the 

'•Taken from Ki!ii-Dr>inn Hamlhook. DcpI. A^r Itull Nr> j t pi. Tor many years the 
moisture confenl of wtxKl lias hecn (letennnieti on tlie basis of flie dry weight of tlie wood m 
all the experimental work of tlie Foic.st Set vice. That hasi.s is used here. 
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winter. The question of whether the “sa]i is u])” or “down” is not 
important, because the activity of the flowing sap in the spring does 
not necessarily mean that there is actually more sap or water in the 
wood at that time. The sap activity is also confined entirely to the 
sapwood and the heartwood is not affected. 

On gradually drying there is no great change in the properties of 
the wood until the water content is reduced to what is called the “fiber 
saturation point,” ” that is, untjl all the free water is removed and 
the absorbed water begins to evtiporate. .As the absorbed water is 
removed the wood shrinks and changes in physical jnoperties, such as 
strength. The effect of moisture content on the value of wood for 
distillation will be discussed in tinother ehtipter. 

Physical Properties of Wood 

It is not necessar.v to go into dehiil regarding llie microstructure 
of wood, but a few facts on structure and i)hysical ])ropertics will be 
stated which ajiplv to the wotpti dislill.ition ]>rocess. The structure 
of wood is such that its pro|ierties are \er\ ditferent in different direc¬ 
tions. It is Common knowledge that wood splits with the grain more 
readily than across the grain, hut it ni.ay not he loininon knowledge 
that wood transmits heat much more r;i|iidlv in the direction of the grain 
than at right tingles to the grain l.i(|mds or \apor jM'uetrate the 
wood more rapidly in the direction of the gram also and this results 
in a more rapid (having in this dire tion. 

The specific gravity of wood from diflerent species is iiractically 
the same if only the nltimate liber is considered; the difference in 
gravity of large jiieces of wood of different s[)ecies is due to the ar¬ 
rangement of the libers In the same way the conductivity of the 
fibers is practically the same for d'lTerent siiecies, the apparent varia¬ 
tion being due to the structure. Dunlap”' has determined the mean 
specific heat of the ultimate fiber between o“ and io6° C to be about 
.327 as ;m average of several s|iecies He lias ;ilso shown the specific 
gravity of .several species to vary from 1.50 to 1.57.''' These values 
for specific gravitv were determined by lloating in a concentrated solu¬ 
tion of calcium nitrate and therefore do not re]iresent the true specific 
gravity of dry v\'ood fiber hut in.stead that of wood fiber containing 
the watcr.it holds when m equilibrium with calcium nitrate solution. 
This is further indicated by the fact that ;it 35° the gravity .was 
found to be higher than at 30“ due probablv to the smaller amount 
of water ardsorbed by the wood at the higher teiiqierature. 

” Fore.si Scjvice IJull. No. 40, p 82, 

’•In some specir •lases the Inch of a wootl may also be due to a larpe propoition 

of extractives ui iis coiiipopitioii. This is llu* tast with “fat’’ wood from lonch af pine, which 
contains a high proportion of resin, and quebracho wochI, which contains a high proportion of 
tannin. 

Forest Service Bulletin 110. 

^Jour. Agr. Research, Sept. 21, 1914. 
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' TABLE II. 

Avl-aiAOH Wl.KIIIT.S OP V.ARIOIIS Si'ECIES OK \V(X1I). 


Species and Locality 


Weights 





, ■ 1 1 1 

/ ■» X 






IIAKDWOODS '' 

I’ounds per cubic foot 

Asli, black . 

OnloiKiKon C‘o, Mich. 

, 1.1 

36 

51 

“ “ 

Maradum Co., W’lb... 


35 

Ssi 

“ blue . 

lhinrl)(U) t.'o.. K) . 

3h 

41 

4 O 

“ Rrceii . 

Richland R.irish, J.a. 


3<> 

47 

“ Rreen . 

N'ew Madrid Co, l^.i 

40 

4 -’ 

40 

Beech . 

1 lendriiks ('<•. liid 

4.1 

45 


. “ 

l’(,ftcr Co., I'.i. .. . 

4- 

41 

54 

Birch, yellow . 

“ “ “ 

41 

45 

56 


Maratbon Co, Wis. 

41 

44 

S') 

Cbcstiuit . 

Baltimore Co., Md.. . 


3f> 

51 

“ 

Scvic! Co, 'renii .. 


3'> 

5h 

Elm, slippt'ry . 

1 leiulricks Co . liid .. 

4.; 

•11 

53 

“ “ 

Sauk C«). W'i^. 

.V' 

17 

.50 

Cium, hhick. 

Sevier ( o. d'enii 

35 

30 

45 

“ ml . 

\cw Ma.lriil C... \I.. 


35 

4 b 

“ ** 

1‘eniiseot Co., Mo... 

11 

•V’ 

51 

llickf)rv, l)iK shellhark. 

Sardis, .Miss . 

47 

40 

(12 

“ “ •• 
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“ liiuniit . 

Sardis Miss. 

4« 

5n 

()2 

“ ‘‘ 









h3 





64 

Maple, sonar . 

FTendricks Co , Tnd . 

41 

41 

54 


Rotter (ai, Ra 

4.1 

41 

.S 8 

“ “ . 

Marathon Co , Wis . 

42 

41 

Sf* 

Oak, California black. 

Butte Co, Calif.. 

17 

18 

64 

“ “ “ 

i')on^ilas Co.. ()re^on 

30 

4'> 

(>8 

Oak, tanhark . 

A’illits, C.ilif. .. . 

41 

41 

(/> 

“ white . 

Slone Co. \rk. 

41’ 

48 

5') 

“ “ 

ITeiiflricks Co , Ind . 

4h 

47 

6 r 


Richland I'arish, La 

46 

48 

b- 

Tupelo. 

St lolni the Ikiiitisi 





T^lrish. La. 

35 

17 


Pine, lonnlcaf . 

Nassau Co, h'la. 

42 

44 

51 

“ “ 


41 

42 

56 

« (( 



43 

45 

tl (1 

Tan^ipaho.i Parish, La 

30 

41 

54 


Hatlicsbiirn, Miss.., . 

38 

i 40 

42 


• About R jirr cent moisture, 
t Twelve to IS per cent moisture, 
t Average green material. 
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J able ri gives llie weight per cubic foot of various s])ccies of 
wood as determined at the Forest Products Laboratory ill n)iiiu‘(.ti(m 
with their strength te>(s.”' Since the speciric gravity varies widely 
with the moisture content, the latter imist always be stated in connection 
with weight figures. 

The weight per cubic fool is an ini|Hii-|aiit property in connection 
with wwid for distillation, since it governs the actual amount of wood, 
the weight, in the common ^init of inetisure. the cord. ^Vood is 
conpnonly cut, split, hauled and sold by the cord and the capticilv 
of the commercial distilling aiiparalus is determined largely by its 
volume. Largely on account of common jnactice, therefore, a light 
wood, such as red gum. is not .so vahi.able for distill.ilion as a heavy 
wood, such as oak, although the former may give higher yields of 
valuable products on a pv'rcentage weight btisjs. d'here is, however, 
one advantage held by the lighter wood (when compared on the 
cord basis), due to its lower fuel re(|niremenl of distilling and for re¬ 
fining the ]>rodiic(s, but this is a laetor not often recognized as 
important and not easily delerniineil with accuracy. 

Decayed Wood 

( )nly ;i little work has been done on the effect of decay on the 
chemical ]iro]ierlies of wood. Rose and l.isse-' .showed that Douglas 
fjr, a softwood, when subjected to di'cav loses cellulose more ra|)idlv 
than any other constituent. Thi- was roiilirnied by klahood and 
(.able"'' and by llray and StaidI-' in work on the decay of a ]nil]>- 
wood, while spruce, also a softwood. ( Ulier changes in eom|)osilion 
were observed but the main one of imporlanee to wood distillation 
was that the cellulose was aliparently attacked first and the lignin 
was not much affected. That i ., in partly deciyed woiid the lignin 
and the niethoxyl groups are in higliei projiorlion by weight than in 
sound wood and, therefore, on a jieieei tage weight basis the yields 
of both alcohol and acid from de.stniclive dislill,-10011 of decayed wood 
might be greater than from sound wood, ffn the other hand, from 
sticks of the same original weight one sound and the other jiartly 
decayed, the former would certainly give more acid and probably more 
alcohol. This conclusion would be a safe one only on assunijifioii that 
hardwoods are affected by decay much the same as softwoods and that 
different kinds of decay effected by different specii's of fiingns had 
much the same effect. The latter assumption is unsafe since Johnseii 
and Lee'®“ have rejiorted one case where decayed wood had lost lignin 
instead of ceUjilose. 

Fotest Products L.ibot:it-'iy Ittlitiiial Nutf Mo Pia 

^'^Jaur. Ind. Cltviii. 284 
Piil>er 24 (1020). 

Ind. Ettg. Chetn. 14, 

( 7 /tcm. & Met. hng. 28, 257 (1922J. 



Chapter III. 

The Decomposition of Wood by Heat. 

'I'lie publication on wood distillation in which detailed temperature 
figures were first given was that of Yiolettc.' He published a table 
showing the jiercenlage weight of the residue from charges of wood 
after having heen healed to dilTerent temperatures from i()0° C. to 
the melting point of platinum. The weight at 150'’ C, was taken 
arbitrarily as 100 per cent, since it was dillicull to decide where the 
drying of the wood ceased and the destructiv’c distillation began. 
This table showed a continuous loss in weight with increasing tempera¬ 
ture, the rale of loss heing ]iractically the same from Hio" to 270’ 
but very much slower from 270° onward. X'iolette's re.sults have been 
used re])eatcdly in the literature of wood distillation even after there 
was plenty of evidence to question their accuracy and until very re¬ 
cently their accuracy has not been questioned nor lias an attempt 
been made to study them and show why they were wrong. 'Plus 
w'as iirobably due to the fact that the bare table of results was copied 
from one jiublicalion into another until the original was forgotten 
and no one knew how- the results were obtained. Tn fact, the exjK’ri- 
mental data of Violelle are probably reasonably accurate and the mis¬ 
take is due to applying results obtained under one special set of 
conditions to all other conditions of distillation. 'Phis will be dis¬ 
cussed more in detail after tbe necessary information has been brought 
out, but meanwhile the necessity should be noted for describing in 
detail where the temperature is measured and how the heat is applied 
when reporting the results of temperature measurements on wood 
distillations. This is hecause wood is a poor conductor of heat, so 
that it is very dilHcult to heat different parts of a large charge to 
the same temperature at the same time and because tbe ordinary de- 
,struct.ivc di.stillation of wood is an exothermic reaction, so that the 
temperature in the charge may freijuently be higher than that applied 
to the charge. 

'Pha next measurement of wood distillation tcnqieratures was 
made by Chorley and Ramsa}'.- 'Phey measured the Temperature at 
the center as well as at the surface of the charge and found that 

^ Ann. Cliim. phys., Vol ji (1R53), and Vol ,io, p. 291 (1855). 

^Jr. Soc. t'licin. Jnd., Vol. ii, j>. 395 (1892). 
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in the vicinity of 280° C. the reaction became exothermic. I’he more 
complete and detailed work of Kkuson, voif J leidenstam, and Norlin “ 
confirmed the exothermic character of the reaction, determined the 
amount of heal given off during the exothermic stage and, by collect¬ 
ing and analyzing the products at different stages, gave a complete 
picture of the course of the reaction. A typical diagram of the re¬ 
lation between the tcm])eratures inside and outside the eharge and 
the amount of products is shown in big. 11, taken from Klason’s 
article. It is seen that no considerable amount of gas is given off 



Ful, Ti. Kclaticn l)ftuc‘cn Ttniptiatu^'t.', 'iini' tud I’rtMiucts in Decomposition 
of \\ ot'd l)y 1 Ic.it. 


until the outside temperature h:is reached nearly C. and the 

inside temi)eraturc has begun to rise rapidly. Some liquid distillate 
is given off during the second and third halt-hour periods, but this 
is the moisture in the vvuo<l, as shown by the inside temperature re¬ 
maining near l(X)" C. and by the fact that the amount of dfbtillate 
decreases in the next period. When the wood is ilried out and the 
inside temperature begins to ri.'-e rapidly above 100“ C. the outside 
portion of the,diarge is above 280'' C, and the reaction becomes more 
rapid, b'inally the exothermic heat carries the inside tem[)erature 
above the outside and during this stage the greatest amount of gas 

* Arkiv for Knni, Minorahni och Gcologi 3. 1-34 (lyoS); Zrlt. angc-M, Chemic, Vol. 25, 
p. 1205 (*909)» and Vyl. 27, p. 1252 
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and liquid distillate is obtained. Although the outside temperature 
is carried finally to 400" very little more distillate is obtained. The 
amount of combustible gas becomes greater than the carbon dio.xide 
only after both inside and outside tenqteratures arc ;ibo\e 350'’ C. 

'I'liese results show plainly that there is very little decomposition 
of wood by heat ;it temperatures below about 250 ’ C., but on account 
of other more indefinite dtita this conclusion must be limited to the 
conditions of the experiment in which the heat is applied rapidly. 
It is a common ohservation that wood subjected to long continued 
application of medium temperatures, as for instance iti contact with 
steam pijies, will gradually darken and become brittle with shrinkage 
and loss of \veight. Apparently then in long time periods wood 
can be decomjiosed by temperatures much lower than those re<iuired 
for di.Aillation in a short time. Sufficient chemical change to have 
noticeable effect on tbe strengtb of wood may be caused by tempera¬ 
tures even below iixi^ t'., but these slight changes are not of im¬ 
portance in connection with destructive distillation. 

.So far as actual destructive distillation is concerned, then, the re¬ 
action'begins about 250 ' C., soon becomes exothermic and is linished 
at about 350'' C. Ileyond this temperature the charco.al is further 
decomposed, but largely into g;is, no acetic acid or wood alcohol being 
formed. J\'o quantitative figures are tivail.able on the amount of 
t;ir formed wdien charcoal is healed above 330*' fk, but some recent 
work by the author has .shown that only very .snia.'l amounts of tar 
are formed—perhaps a few tenths of a ])er cent. 

Klason’s restilts do not show the order in which the alcohol, acid 
and tar tire produced, e\ce]it to indicate thtit these products come 
together during the exothermic .stage. It has been shown ‘ that in 
tbe case of wet wood S to iii per cent of the acid and 1 iier cent of 
the alcohol may distil from the wood before aetutil decomposition sets 
in, while the water is being driven off, but this mtiy be tbe result of 
hydrolysis and might not take pkice if the wood had been dried 
at low tenqieratures. J’aimer"' has also .shown that the formic acid 
is the first important product to be formed, followed by the acetic 
ticid, tar, and methyl alcohol in order. 

Klason “ also found that cellulose formed no methyl alcohol on 
distillation and this led Klar'' to believe that, since the lignin was 
the so-.irce of methyl alcohol, the yield of methyl alcohol was de¬ 
pendent on the proportion of lignin in the wood. lie then explained 
the higher yields of methyl alcohol from hardwoods by the higher 
lignin content of hardwoods. We have seen, howqyer, that the 

* Hawley and JVilinci, A«i. Hull. No 129. 

^Jour, Ind. & hug. tUem., Vol. 10, p 2t)u 

“ nt. 

■ Tcchiiulogie tki I lol/vei k-ililiiiig, Second Kditioii, p. 12. 
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amount of lignin in different woods docs not vary enough to ac¬ 
count for the variation in yield of methyl ajicohol and that the yields 
of methyl alcohol do not e\en follow the vafiatiou in methoxyl con¬ 
tent. (.See |). 31).) Klason’s second work'’ on the decomiKi.sition 
of wood hy heat develojieil many more details, espeeially on the cause 
of the exothermic reaction and on the primary and secondary products. 
'I'his was acconi])lished hy distilling wood under the lowest possible 
vacuum and in a short time, so as to ]ircvciit the secondary reactions, 
and,then distilling at mcreasing pressures and increasing lengths 
of time in order to obtain the secondary reactions in increasing pro¬ 
portions. In cathode light \aciiiim and in two or three hours’ time 
the proilucts of distdlation were \er\ different from the usual prod¬ 
ucts, especially in the composition and amount of tar and charcoal, 
and the progress of the reaction was dit'terent in that no exothermic 
heat was developed. In ordmar\ wood ilisiillation processes the tar 
may aniuimt to ahoiil 10 |ier ei'iit ot the weight of the wood and the 
charcoal to about 30 per cent, deiiending on the inaxinuim temperature 
used. In this laciium distillation the tai amounted to -t.vti per cent 
and the charcoal 10.4 per cent, while in a long continued (14 days) 
distillation under atmosjiheric ])ressiire, wherehy the maximum sec¬ 
ondary reactions weic obtained, the tar was J.8 per cent and the 
charcoal 41), t per cent. ’J'he .pi per cent tar obtained by vacuum 
distillation is dilferent from ordinary tar m its light color, trans- 
|)arenc\' and liaid consistency''; it .ilso decomposes exothermically at 
about J75' f. inti* water, carbon dioxiile, tar coke, atid ordinary tar. 
The exothermic character of the ordniarv wood distillation reaction 
is, therefore, not due to the inimary reaction but to a secondary re- 
aetion-'the deconi]iosiiion of ])riniary tar into secondary tar, tar 
coke, etc. The highei yield of charcoal under atmospheric pressure 
is explained by the deposition 01 the tar coke on or in the ])rimary 
charcoal and ordinary charcoal miist, therefore, be considered as 
primary charcoal plus tar coke. 

This conception of ordinary charcoal as prini..ry charcoal in which 
.secondary tar coke has been depo-iled is somewhat at variance with 
Chaney’s theory"' of iharcoal as "a stabilized comiilc.x of hydro¬ 
carbons adsorbed in a base of active (absorptive) carbon.’’ (dianey 
has shown the presence of hydrocarbons with boiling points around 
3 (h)" C. in charcoal which had been jirevionsly heated to 850° C. and 
assumes that the jirocess of activating charcoal consists in the re¬ 
moval 0/ these adsorbed hydrocarbons by heat or selective oxidation. 
Ill Kla.son’s conception of the comiiosition and formation of char- 
» 

^Jour. {liT ptnkt. i'lifui. (*■•'1, yo, 413 (I'tM). 

•The composition o( thi^s tai was no* s.iu-1kiI. b.it in vit w of the results of 1‘ictet and 
Sarasin, Cotnpl icnd , (,h)i 8), on tin tlisiillaiioji of (•llulo'.e m a vauium it would be 

Very interesting to sie wliithtr it cuntaiiicd k\onhu’uvin 
Fro< Cl -hit 1-1 (. lutn sSt'i., iyit>. 
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coal some adsorbed hydrocarbons may be present, but there is another 
comjtonent which must pilso be removed to render tlie charcoal ab¬ 
sorbent, viz., the tar cbke which has been dcr vsited on the primary 
charcoal. If we consider that the primary coarcoal of Klason is 
absorptive the activation of ordinary (secondary) charcoal would con¬ 
sist in removing the tar coke and the adsorbed hydrocarbons. It 
would be ca.sy to prove or disprove this theory by preparing primary 
charcoal by distillation of wood in vacnuni and testing its absorptive 
qualities. It has been claimed that the cliarcoal obtained by di.stilling 
wood in a current of hot gases is much more absor])tive than ordi¬ 
nary charcoal and if true this would confirm the theory, since the 



l'i(. ij 11 ipl<' I'iO'd P\ I nli”iK'oiis \ch1 l'\.iiM>ralnrs. 


same conditions ol ra|>iil remoial of primary inoducts exi.st in a 
current of hot gas as in a i.icuum ami there would he a tendenev to 
form primary cliarcoal 

With detailed information available on the mechanism of wood 
di.stillation it is now possible to offer some (■.xplanations for the fact 
that "Violette’s figures do not corres|)ond with those of Klason on 
the relation between temperature and percentage of charcoal. N’iolette’s 
distillations were carried out by means of .superheated steam in con¬ 
tact with the wood as a heating medium and the rewded tempera¬ 
tures were measured in the outlet from the distilling vessel. These 
conditions offer several reasons for variation from Klason's results. 
The presenee of a rajiid current of superheated steam in contact 
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with the small pieces of wood (cylinders y/' x I'/z" were used) may 
have made the conditions sufificienlly like ^hose of vacuum distilla¬ 
tion, so that the exothermic reaction was nt)t noticeable; there may 
have been a reaction between the wood and the heating medium, 
(steam) which complicated the results of the main reaction of the 
decomposition by heat; the temperature measured oidy at the outlet of 
the retort otdy did not represent the actual temperatures to which 
the wood w'as subjected. W ith all these possible reasons for error 
there seems to be no further' reason for applying \ iolctte’s figures 
to the ordinary distillation of wood. 

Methyl alcohol and acetic acid were found by Klason to remain 
practically constant over tbe entire range of conditions from dis¬ 
tillation in cathode light v.icuum to I |-day distillation at ordinary 
])ressure. A .slight decrease in acetic acid wdth increasing time 
was balanced by an increase in acetone, sliowing that tbe latter is a 
secondary product lobtained at the e,\|iense of the former, .\lcohol 
and acid arc then ])riniary inoducts and w ithin limits are not affected 
by the conditions of the distillation. I bis at first seems at variance 
with Palmer's results " in iiicre.asing tbe yields of alcohol and acid 
in commercial operations by controlling the conditions of firing and 
also at variance with tbe coninion exiieneiice of plant ojierators that 
a carefully fired ,Vi-honr distillation will give higher yields than a 
more rapid J4-hour cycle. ’I’hese two sets of results can be reconciled, 
howeyer. wdien we consider the dilfereni conditions under which they 
are obtained, in l•ne case with vein siii.dl eieidy heated tiiiparatns, 
in the other with birge apjiaratus heated nio'-tly on the hottom. 

In the first case the secondary reactions are affected more by the 
time the ])rimarv products remain in tbe heated rone than by the 
temperature of superheating, because the various speeds of di,stillation 
can be obt.ained witii only slight fnllerences in the maximum tempera¬ 
ture. In this case, therefore, raiiid distillation results in minimum sec¬ 
ondary reactions (es])ecially when tiided b, high vacuum). In the other 
case of large scale commercial apparatus tbe iisurd speeds of distilla¬ 
tion are very r.ipid, considering die size of the distilling ve.s.sel and the 
length of time reiiitired for the heat to penetrate to llie center of the 
charge of wood, and the speed c.m be varied only by wide variations 
in the inaxinmm teni]ier;ilttres to winch the retort is heated, J'he sec¬ 
ondary reactions are, therefore, alfecteil more hy the variations in 
temperature th;m hv tbe corresponding variations in the time during 
which the products are sulijected to the high temperatures. In very 
small apparatus, therefore, methyl alcohid and acetic acid may be 
primary prodpets not greatly tilfected by variations in the sjK'ed 
of drstilbilion, hut in large coinnierci;il apparatus the superheating is 
so great that new ,secundary re.ietions may take place, ,such as the 
" JoMr. hid. Eng. Clicm. 7 , (>(>3 (19*5)- 
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decomposition of methyl alcohol and acetic acid, and these secondary 
reactions will he increased by greater six.‘cd of the distillation, since 
increased speed can he ‘obtained only by higher temperatures. 

Formic acid is more inflncncod by the conditions of distillation 
than any other of the single simple products, while acetic acid is 
practically constant. 'I'he ratio between the two, the “formic acid 
number" of Ivlason, can, therefore, be used to determine the amount 
of the various secondary reactions, hi vacuum distillation the formic 
acid number (the ])arts of formic acid to loo parts acetic aci^l) is 
34 and this gradually decreases till with 14-day distillation at atmos¬ 
pheric pressure it becomes 5. In commercial operations, especially in 
continuous processes where the true temperature and speed are diffi¬ 
cult to determine, this formic acid number might be valuable to deter¬ 
mine the amoitnt of suiierhetiting. 

Klasoii in this study has also made the first quantitative determina¬ 
tions of formaldehyde in wood distillation prodiu*ls. lie found from 
1.27 ]X“r cent hi vacuum distillation to o.So per cent in 14-day dis¬ 
tillation. He states that formaldehyde is nut noticed in commercial 
products, since in one of the early steps of relining, the neutralization 
with lime, it undergoes self-contained oxidation and reiluction to 
methyl alcohol and formic acid. 

It is now possible to .speculate on the possible effect of varying 
moisture content of the wood on the yields. Klar says that jilant 
ex()erience shows that the yields of acid are inversely ptoporlional 
to the water content of the wood. In aiii.ther jtlace,"'' however, he 
says that absolutely water-free wood iloes not give so good yields 
as wood with 10 to 20 iier cent moisture, i’altiier” luis niaile a 
study of this question in small scale apparatus and found that the 
effect varied with the species and with the sjiced of the distillation 
so that no general coiiclusions can be drawn. His work was done, 
however, in apiiaratus in which the teiiipcrature conditions could not 
be varied widely (an oil b.ath was used for heating) and the varia¬ 
tions in moisture content were also not very great. In commercial 
apparatus, therefore, there may be a general relation between moi.sture 
content and yields of acid and alcohol, but this has not yet been 
definitely developed. It is possible th.at the main elTect of water 
is to regulate the si)ecd of this distillation, as pointed out by Klar 
and this effect would, in general, be favorable. It is certain that low 
moisfure content is favorable from the standpoint of low fuel re¬ 
quirements for distilling the wood and refining the jjroducti, but the 
balance between this effect and that on yields has not been determined. 

The details of the progress of the di.stillatiou throu;)riotit the charge 

Loc. cit., p. 77. 

Loc, cit., p. 21. 

^^Jour. hid. Eng. Chevi. lO, 262 (iyi8). 

*‘Loc. c\l., p. 39. 
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of wood in cuiimu-rcial ri]i|)aratii;> liavc not lici-n workod out and tliere 
are variolic view,^ a.s lo the cAact mean'- |]\ ulikth llu wood is heated-- 
by convection, radiati<in or condncti(jn. W hen we consider llie low 
heat condncli\ily of wooil it is difhcnh lo ioni|irehend liow sncli a 
large mass can he coniplelel} distilled in such a short time. I’he 
wood is in hirge sizes, with the greatest dimen.'-ion tn tite direction 
of the greatest condnetn il\ (uilli the grain), and does not come 
directly in contact willi the heatfd walls of the retort, so that except 
for the smtill .'inionnt of hc.al transiiniiid to the wood through the 
ctirs it nittst he heated by r.idiation or conteclion. ('n account of 
the low condtictivity of wood it seems nnpossihle that the wood in 
the center of the i harge < .in he healed hv conduct k n throtigh the 
wood from the snrface of tin- charge, and if jiiled at all closely direct 
radiation id’ he,at from the walls of the letiiit could not reach .all 
])arts of the charge, so that coii\ection currents nnist be responsilile 
for a part of the Inaatmg. When we renKaniHa' also that the wood 
often contains g,s to ,ts |ier cint wate- winch must he iianoveil be¬ 
fore <lestrticti\e distillation will take pl.nc, the problem becomes even 
harder. \\ ilhoni the aid of the csotlieiinn leaction it is dottbiful if 
wood could he di-tilled in am piMctaal length id' time in the modern 
large o\en. 1 his "inteiior he.iliiig ' .iiuouiUs to about -’.,S per cgnt 
rd’ the fuel \ahu' of the wood and would. Iluaefoie, he e(jui\al(ail to 
the vaporization of Jn per lent w.iler lioin the wood. 1 he exothermic 
reaction mnst. lliiaadort', pl.a\ a l.argi jiait in the distillation of such a 
non-coiidncli.n .is wTiocl. 

Decomposition in the Presence of Chemicals 

The lirst wank on this snlijeii was h\ i’ahner,'' who distilled 
maple :md heiadi chips wliuh h.id iieen tre.iled h\ boiling and cooling 
m a .solution ol phosjihot ic ai id With yti per cent jihosphoric acid, 
mtijile showeil a consider,able iikrcase n. . i ohol but none in ticetic 
acid. Ileech tiaaited with phosphoric acid in i|U.ir, lilies from 4 *^ per 
cent to >).y per cent gave large imaia-is in both tilcohol and acetic 
acid. There distillations have been repeated" on maple wood, using 
a different method of distillation wilhont olilaining the large increa.se 
of alcohol reiiorted by Tahiier, hut in one respia t the results were the 
same. With ;is small an amoiinl of iihosphonc present as 3 (ler cent 
the settled tar was negligible anil the soluble tar was greatly reduced. 
This is tlye nio-t striking lestilt of tie,-111110 the wood with phosphoric 
acid. 

J’alraer also wade a few di.stillalioiis with pho.sphoric acid in which 
the pressure in the autoclaie was tdlowcd to rise to do .'iiid too lbs. 

Klason, lor. ti7 

Jour, /lit/ L'ltj’. L Iirin. jo, (191S). 

Hawli-y, Join, jiiii. Liiji. ( lt> in. il, *1.^ 
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per sq. in., but the yields of both alcohol and acid were reduced by 
these conditions excejrt tin the case of one erratic and unchecked run 
in which a very high acid yield was recorded. 

Although probably not an effect due to the action of chemicals 
on the yield from the wood, another experiment rejiorted in the same 
paper by Palmer will be noted. l!y mixing equal itarts of wood and 
crude wood creo.'-ole and distilling under pressures he obtained very 
high yields of alcohol. With pressyres of 30, 60 and go lbs. the 
increase in alcohol due to the presence of the creosote was i.qf) 
])er cent, 1.75 jxtr cent and 2.10 per cent, res|)eclively (based on 
the weight of the wood). At ordinary pressures no increase of 
alcohol was obtained from the mixture with creosote. Since these 
increased yields of alcohol may l)e due to the decomiKisition of the 
tar when distilled under pressure, the re.sults will not l)e disettssed 
further. 

in 1854 Fremy rejiorled that various ceKulosic materials, in¬ 
cluding w(jod, gave large yields of acetone when distilled in the j)res- 
ence of H-to jjarts of lime, the acetone being much more tb:m the 
equivalent of the acetic acid obtained by the destructive distillation 
of the. same materials without lime. I’.asset confirmed these re.sults 
in the case of wood and .stilted that as little as two and one-half ]iarts 
lime to one of wood gave a yield of 20 |ier cent acetone and mixed 
ketones. In neither of these cases was the alcohol yield reported. 
In distilling wood with very much .smaller (|uantities of lime it was 
found-’’ that no increase in acetone, was obtained."although the acetic 
acid was very much diminished, btil that the methyl alcohol wiis in¬ 
creased. In trying other “catidyzers” in order to find one which would 
perhaps increiise the alcohol without diminishing the acid, it was found 
that calcium ctirbonate in large proportion (50 per cent the weight of 
the wood) and sodium carbonate in as sm.all an amount as ]'.• per 
cent would accomiilish this. With maple wood an increase of 40 
|)er cent in the alcohol yield can be obtained by treating the wood 
with I per cent sodium carhonate previous to distillation anil with oak 
wood the alcohol yield was doubled tinder similar conditions. The 
acid yield is decreased very slightly, if at all, and the acetone is not 
increased. (fthcr mild alkalies such as sodium silicate give .similar 
results. A large number of other catalyzers have been tried without 
any promising results. 

lb order to get these favoralile results it is necessary to have the 
wood evenly treated with the sodiitm carbonate. In the case of treated 
blocks 0 inches long in which the ends and the sapwood only were pene¬ 
trated by the solution, the effect of the sodium carbo.c'.ate was diinin- 

Attn IS- 279. 

& Met ling 20, 190 (1919). 

’‘Hawley, 3 our. Ind. Eng. Chem. 14, 43 (19^2). 
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Yields from the Distillation of Wood in the Presence of Chemicals. 
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Attn IS- 279. 

& Met ling 20, 190 (1919). 

’‘Hawley, 3 our. Ind. Eng. Chem. 14, 43 (19^2). 
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islied. Table 12 shows some of the results obtained with various 
catalyzers and nielhnds of treatment. 

In order to get these favorable results ifie distillations must he 
carefully controlled, 'I'he exothermic reaction is a|)|)arently intensi¬ 
fied and if the charttc is heated to<i rapidly the distillation hcconics 
uncontrollahlc, with the result that the yielils of both acid and alcohol 
are reduced. 'I'lie full yields of acid obtained under the ])ro])cr con¬ 
ditions are difficult to exjdaiu oy account 01 the jirescuce of an alkali. 
'I'he alkali .has been leached from the charcoal in .several cases anil 
found to he converted to acetate only to the extent of id per cent 
at the maximum. 

The reason for the increase in alcohol yield whin wood treated 
with sodium carhouale is distilled has not liecu determined, hut the 
source of the increase in alcohol has been found. Il was staled in 
the chapter on the chemic.'il composition of wood that hardwoods 
contained about .j fimes as much metho.xyl as was converted into 
alcohol hv distillation of the wood 'I'lihle 13“ shows the distrihu- 
liou of the methoxtl ttronps in the luoduds of the distillation of 
maple and oak wood. ( lulv about 711 tier cent of the melhoxyl in the 
oritfinal wood is recoxered in recoyni/.ihle form in the iiroducts (in- 
cludiiift methane in the t;as'), the remainder heinst converted into some 
other products not recot;niz:dile as methoxyl derivalixcs. I he table 
also shows the effect on the distrihulion of methoxyl deriv.atives when 
sodium carbonate treated wood is lislilled. In the case of maide 
wood it is seen tlnft the increase in melhoxyl in the pyroligneous acid 
(increase in methvl alcohol) is just about balanced by the sum of 
the decreases in the charcoal and the dissolved tar and, therefore, the 
source of tie' incieased melh\l alcohol is the methoxyl tjroups usually 
occurring; in the settled tar and the charcoal. 

In the ca.se of oak wood the distribution of the melhoxyl jrroups 
in the distillation products is much the saiiin, except that the amount 
in the ]iyrolit;ncous acid is less and the .mioiint in the charcoal is 
eonsiderahly f;realer than with maple wood, (hi distillintt oak in the 
jireseucc of sodium carhouale the decrease in melhoxyl content of 
the charcoal and the dissohed tar is not i|uile enoutth to account for 
the increa.se in the methyl alcohol, hut there is a \ery markeil decrease 
in the methane content of the tjas, which may account for the rest. 
The total recovered metho.xyl is also diminished by the sodium 
carbonate. 

’*]Iawltv v\iyar. .Ji-ut. Jiui hf'K Clu'tn r.;, lo*; (lo.-.-). 
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Chapter IV. 

Products of Wood Distillation. 

The products of wood distillaiioii will be discussed accordiiift to 
the groups in which they naturally separate on distilling the wood 
and condensing and settling the condensible products, i.e., gas, pyro¬ 
ligneous acid, settled tar, and charcoal. It must be understood at 
the beginning that the yield and coniiajsition of these groups will 
vary with the kind of wood distilleil and with the conditions of the dis¬ 
tillation, so that only general figures can be given. It must also be 
understood that there is much overlapping of these groups, small 
amounts of the typical constituents of one grouii being found in one 
or more of the others. 


Gas 

'I’he compo.sitiou of the gas has been reported on by several ob¬ 
servers, .so that its main constituents are well known. Klar ' stales 
that the average composition of the gas from a commcrcitil plant 
is as follows: 



5() per mit by vol. 




.D» 

1 5 




lie also gives the yield of gas as about 240 cu. ft. per hundred pounds 
of wood or roughly 8,otx) cu. ft. iier cord. The fuel value of the gas 
from l(X) Kg, of wood is computed bv Klar to be equivalent to 2.5(7 Kg. 
of coal with 5,000 “available” calorics per gr., or the gas from one 
cord'(3.300 pounds of dry wood) would be equivalent to 85 lbs. of 
coal of (j,ooo “available” B.t.u. per pound. Klason * show's the gas 
from small scale e.Kperiments to contciin more methane and less hydro¬ 
gen than is given by Klar and the figures in 'I'able 13 fj'so show more 
methane, but Klar's figures may be correct for commercial samples 
of wood gas. 

’ hoc. cit., p. 44. 

^ hoc, cit. 
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Bergstrom and \Vc'^.slcnj^ivc the followinj; data on the j^as ob¬ 
tained from air dry sofiwofxls in Swedish ovt'iis heated by flues within 
the oven: ♦ 



50 per cent 
.t 

28 




iH 


1 



They also ^\\v the yield of thiN <;as iS per cent 1 )> weijjht on the 

dry wood distilled or about 4 Xmm) cn. ft. per cord. Ft seems likely 
that the figure for ineibaiR- in this table is too hii;!!, since it would re¬ 
quire nearly all the inetbowl in the (tri^inal wood in order to ^ive this 
percenlaj^e of niethaiu' in the i;as, and it has already been shown that 
otlier products of distillation beside the j^as contain bieb proportions 
of niethoxyl. 

The 1.5 jier cent "vajiors” shown as ]>art of the ^as constituents 
arc made up of all the volatile constituents of the two other j^TOUps, 
liyroli^^neous acid and tar, the most \olatiIe constituents naturally 
bein^ jiresenl in the bii^ber i>ro|x)rlion, dins jxnnt will be iliscussed 
furtlier under refining; methods. 


Pyroligneous Acid 

The pyroligneous acid a \ery complex mixture, only a few 
of whose constituents have been identitied. It contains from 80 to 90 
per cent of water, of wdiicb part is the nn»isturo in the wood distilled 
and part (abtnit JO ]h‘i cent of the weight of the dry w'ood) is formed 
by the decomjiosition of the wo'i'l hollowing is a list"* of the prod¬ 
ucts which have been reported, not including those found mainly in 
tlic tar and oecniring onI\ in ■^inail (|nanli!ie^ in the pyroligneous acid; 


Formic acid 
Acetic acid 
TVopionic acid 
butyric acid 
Valeric acid 
(aiproic acid 
Crolonic aci<l 
Angelic acid 
Mcthylamiiio 
Isoamvl all'oliol 
o-Methyl (i keto-penta- 
methylcnc 


]’\r(»nmcic acid 

Afcllnl alcolad 

Aihl alcohol 

Acctaldch><lc 

iMirfiiral 

Mcthylfiirfuial 

Aictoiic 

l’\ roxanthen 

Nlclhyl formate 

Miliul propyl ketone 

I’yrkhae 


.\lclliyl elh>1 ketone 
iCth>l propyl ketone 
1 )imcthyl acetal 
Methylal 
Valero lactone 
Mclliyl acetate 
I’yrocatechin 
Ammonia » 

jsolinlyl alcohol 
Kclo-pcnlamclli> Icnc 
Methyl pyridine 


• Om Traltoliiiiig, p. --n . . r / j 17 a /-i 

Vol. II, p. 1869, as gnoi !>> Klar, he. al., p. ;o, and Praps, Am. them. 
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To tliesc sliould be added formaldehyde as shown hy Ivlason (sec 
page 56 ). 

Aeetie and formic .icids, methyl aiid allyl aleoliols, acetone and 
methyl acetate are the most important and oeenr in greatest quantities, 
being the only ones separated or recognised in llie relining process 
excejd for the "alkaline constitnents" separated by acid treatment 
in refining the alcohol. I'Xeejit for some of these important con¬ 
stituents there are no (juantilative data on the composition of pyro¬ 
ligneous acid. 

Pyroligneous acid also contains fnnn 7 to i-t per cent of soluble 
tar but this will he discussed under the composition of the settled 
tar. since it is ])rohahlv made up mostly of constituents the .same as 
' those occurring in .settled tar. C ertain heavy oils are also cont.ained 
in solution in the pyroligneous acid hut tiu'y too are in.ade up of 
constituents occurring mostly In the tar. Pyroealecliin in the list above 
is one of these and shonld not he mentioned in pieference to many 
other phenolic bodies which also occur in both the tar and the I>yio- 
ligneous acid. After the ]ivroHgneous acid has him distilled from the 
non-volatile .settled tar and neulr.'ili/e(l with lime other non-xolatile 
compounds are ]iroduccd as shown h\ the insoluble '‘sludge" and by the 
soluble material which remains as an inqinnh in the acetate of lime. 
The composition of these ncjii-Milatile products in the neutralized ])yro- 
ligneous acid is unknown and the coni]>omnls from which tlie\ may 
have been formed can onlv he gues-ed at. Di-acelyl has been identified 
in the products of resinous wood distillation'' hut eery likely it is a 
product of the lignocellulose and occurs also in hardwood distillates. 
This is a compound which would distil with the ]iyroligneous acid 
and orb neutralization would jiolMnerize to an insoluble product, 
xjdochinon, w'hich would coiitaniinale the .•icelale. d'he oiganic im¬ 
purities in the acetate are probably formed from similar complex 
di-ketones or al<leh\des which jiolynierize on neulraliz.alion. 


Tar 

The tar is a very eomidex product of which only ;i few con¬ 
stituents have been identified. It consists of all the substances previ- 
nu.sly mentioned as constituents of the pyrolieneous ,'icid together with 
"lighr oils,” "heavv oils” and pitch. The light oils (with boiling 
points below i-|o“ C.) haw been studied by Praps ' and a .series of 
acids and ketones have been identified. .X comjilele list of identified 
.substances is given below: 


• Hawloy, Chfm. & Met Rvr. if)” (lo-’i). 
•Aschan, Zeit. fur ange-tv CUem. I'loy, p. iftii. 
^ Am. Chem. Jour. 2(>-S3. 
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Valeric aldehyde 
Acetone 

Methyl tthyl ketone 
Methyl propyl ketone 
Methjl butyl ketone 
Adipic ketfnic 
Nitriles 

ni-methyl fnraiic 
Unsaturated compounds 
m-xylene 

l’ol\nicriml eomiHmnds 


.\feth>l neetate 
Metli>l ]>fopi"n.ite 
Methyl n Kntyrate 
Metlnl n-\aler.iti- 
b'jsters of unsainraled aenls 
S>l\ane 

D: ethyl ketotie 
I'ri nu'lhU fnrane 
J'lhnne 

11\dr'iehlot rt atid addnion pnuluets 


Few quantitative (lata arc ^uen ainl no indication of uii.it pro 
jxarlion of the oils is made it]) of iinidciUiticd con’-litii' nK. l*ro])al)ly 
there is a larjje proportioji of less rca<li\c conslitucnt.s, such as liydn)- 
carhotis, which ha\c not been idciitilicd 

The heavy oils (hea\ier than water with hoilinii^ points alxive 
2rK)'^' C.) have been nfther thorou»b!\ studie<l so far .is tiie alkali ■soluble 
constituents are coiuerned. d be following list is taken from lleilstem, 
all the phenols beiii*^ included which are there metitioned as ha\ing 
been found in wood tar: 


Phenol 

O', m- and p-crcsol 
Phlorol 

1-3 xylenol -5 

1-3 xylennl-4 
Pyrocalechin 
Guaiacnl 


Ih nn liixl Uh< I m iinnn)j).\roe.iteeinn 
( I K'l uhlUM'i 
l'\ muallol 

Jb roynllo] di-nulii\l ellier 
\I<-tli_\l p) T'i'.mIIoI tli-nielhyl ether 
pTcpW p\r()t;.dlol (h inethU ether 
( ri il 


Ik'sidc'.s iiKKl of tlii'i li^l ctlnl };ii:ii;u'ol i-^ nn'iilioiu'il by I'raph.’' 

No qiiantit:iti\c d.'it.i 011 smqlc coiiquiiiiMK arc rnailalilc, bill from 
the lioiliiif; points and qra\ilies a .oiit;li "roiipmq of tlic constituents 
can lie made, t 1 I I’bciiol and the crcsols occur onl\ in very small 
(|nantities because tlie alb.ili soluble coii iniieiils of «ood tar bepin 
to boil very close to ->oo' C.. thus e\clndiiip; phenol and ortbo crcsol 
while the pravily of the fractions in the Mciiiil) of joo' is liiphcr than 
the other cresols, sliowitip that they can occur only in small jiropor- 
tioti. (;;) The l.'irpcst portion of the alkali soinldc coiistunciits lioil he- 
tween 2(to" and ‘ C. and, tberefore, includes phloroi, the xylenols, 
guaiacol, crcsol, and homopyrocaiccliiii dnnicilitl cllier. (3) I he rest 
of the phenols mentioiieil hoil above jqo (' and constitute the .seaond 
largest group in total amottnl. I'he alkali iiisohible constitnents of 
the heavyoiks have not been slndied, Inil probabl) contain the bighcr 
members of the series found in the light oils siicb as ketones and 
“unsaturated coiflpounds,” together with tlie higher phenol methyl 
ethers. 


*S.oc. cit. 
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'I'he composition of the pitcli is unknown. A pari of it is probably 
formed by tbc polymeri sation of complex aldehydes and ketones, and 
it has been su^fjjested tfiat part of it is of the mitiire of the aldehyde- 
phenol re.sins, since both aldehydes and phenols arc among the products 
of wood dibtillatioti. Klason h:is .shown, however, that there is little 
pitch in the primary products of distillation and tluit most of it must 
1)0 :i product of the decompositioti of the ])rimary tar. We w'ould, 
therefore, expect it to consist largely of the higher members of the 
groups found in the oils, namely, ketones, metho.xyl ethers of the 
phenols and possibly hydrocarbons. 

A tyjiical h,ardw()od i.ar contains ahottt if per cent water (and water 
soluble constituents separating with the water on distillation) and 12 
per cent light oils with gra\ities below i.o. The change from “light 
oils" to “heavy oils" Uikcs jilace as the temperature of distillation 
reaches tihout iSo” C. ('measured in the vaiiors). 'I’he proportions .of 
heavy oils ami pilch vary with the conditions (Sf distillation and the 
consistency of the ])ilch. If, for insltince, the oils are distilled only to 
a temperature of 240" ('., 25 per cent heavy oils will he obtained and 
the pitch residue will he very soft. If the distilkilion is ctirricd to 
270' (about the highest that can he obtained without decomposi¬ 
tion) the he,-ivy oils will amount to 42 per cent an<l the jiitcli will he 
harder. If a current of air is run through the sidl to help carrv over 
the vapors, 52 per cent heavy oils are obtained and the residue is a 
hard brittle pitch. ]!y coking the ])itch a uia\imum of about 5X jier 
cent heavy oil cau he obtained. 


T.Mtl.l'. 14. 
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These figures arc much Ihc same as tliosc given by Judd and 
Acree,” except that their tar contained an ilbnsual amount of water 
and their distillations were not carried to the coking of the pitch. 

Table 14’" .shows the boiling ])oint and ])ercentage volume of the 
fractions obtained on redistilling the total oils from a hardwood tar. 

These figures on tar composition do not agree with tho.se given by 
Klar“ in that the percentage of oils is much higher and the per¬ 
centage of pitch c-orrespondingly lower. This can be accounted for 
only by difference between the commereial hardwood tars ]iroducecl 
in Europe and this cipimtr). 


Charcoal 

The charcoal is so complc.x. that no single chemical constituent 
has ever been separated and identified. It has been .shown to contain 
methoxvl groups, however I see |). (joi, and may be eon.sidered 
as consisting of still higher member.s oi ibe series found in the tar 
and the. |>itch (the secondarv charcoal constituents, see ]>. 5,^) de¬ 
posited on the primary charcoal, which as the residue of the liguo- 
cellnlose deconi]iositi>m is proliably more complex than the original 
raw material. 


■J,\Hl.h. 15 

.'XmdUNT AM) ('c>\l IM)''! I H)\ OI i MM-KOM rKOlil’tlH \r I^U’iritl'NT MaXIMIIM 
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It has been ^ned jirevioiisly that the amount and composition of 
the charcoal varies with the maxininm tem|ierature to which it has 


^ Jour. Ind I'.iig them, g, fun;) 

'J akcii from J‘iti)<.r, Atioc .uiJ 1 riin'iilu «‘y. Jour In,!. FaiS- Chcvi. g, 463 (T917). 
” Loc. i'it., p. 57. 
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been subjected. These variations are shown quantitatively in d'able 15 
taken from ilergstroni,'and VVesslen.'- This table is subject to some 
of the same criticisms as V'iolette’s fij^urcs on the same subject (see 
p. 5-1). It is licit staled where the temperatures were measured, 
and on account of the inqiossibility of beating all parts of the wood 
or charcoal to the same temperature ;it the same time, these tempera¬ 
tures can be only relative and average. 'I'be authors, however, rec¬ 
ognized this condition and offerc’d the figures for their relative values, 
stating that they were the result of small scale determinations and 
that they would not he applicable under all conditions. 

It is seen that the yield of charcoal at qcxi" t'., the temperature 
usually obtained in jiractice, is 40.(1 ]icr cent and that this coal con¬ 
tains 77.7 per cent carbon. As the maxiinum tenqierature increases, 
the yield of charcoal decrea-cs, the jiercentagc of carbon in the char¬ 
coal increases and the hydrogen and oxygen decrease. The yield of 
charcoal at 400' ('. corresponds fairly well w'ith the yields shown in 
Table 5, since it is a little lower than the average of Table 5 but was 
obtained at a somewhat higher temperature. 
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A and Li diffiTont sanii»lcs of charotal. 


‘I'he amount and composition of the gas givc-n off when a charcoal 
is heated to various temperatures higher than that at which it was 
)irodnced is shown in 'lable if), also taken from Berg.str6m and 
Wesslen.'“ ,/ 

The. methane content of the gas from sample B when calculated to 
methoxyl gives nearly 7 per cent methoxyl on the weight of the char- 

ctt., p. 174. 

” Loc. at., p. 181). 
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coal, or about 2.5 per iriit (jn the wcijjlit of {be original wood. This 
is more inetlio.wl (ban bas Ik'cii fomid in charcoal by analysis (see 
p. 60) and indicates cillicr that '.nine cd' the nictbowl groups in 
cbarcoal are so inactive tbal they are not acted on bv tbe titialylical 
treatment or that at tbesi' biglier tcinper.itnres '-nine inetliatie may be 
formed from some otber -otirce besides nietlio.Kvl groups. Tlie former 
is tbe more likely assumption. 

Tbe nitrogen coiitenl of tt\o samples of cbarcoal is given by 
HergMtniin and W'csslen as 015 per cent. Tins indicates that about 
one-fourtb of tbe nitrogen in tbe original wood rcinains in tbe ibarcoal. 

In general then tbe ilislillation of wood produces bi large amount 
certain very simple siilistances as water, carbon dio.side, melbane, acetic, 
acid, metinl alcohol, foniialdeiivdc. and acetone, and in inucb smaller 
amounts tbe bigber bomologncs of sonic of these siin|ilc compounds; 
tbe pyrrol ring is represented by a few conijioniids ,ind tbe benzene 
ring IS found alinosi entirely in the alkali soluble constituents of tbe 
tar. J’olynieri/ation .aiid condeiisalion )>rodnc|s of tbe simpler com¬ 
pounds tire found inobabiy along with the sidl bigber members of 
tbe series nieniioncd, winch arc mi compIcN and inacti\e that they can 
not be identiliecl. Most of the ]irodiicls are less com]ilex than tbe 
orig'inal bgnocelliilosc, but tbe charcoal and piobtibly [lart of the pitch 
are ti]i|iarcntlv icsidiies of e\cn more <oniple\ composition than 
lignoccllnlose. 

h'roni these general statenieiils li,c lignocellnlose can be pictured 
as containing ludro.wl. melhowl, acet\l and loriiiyl groups on a struc¬ 
ture of benzene and p\irol rings. Wiititiwer otber structures may 
be present tiie not mdu.ited b\ the distillation retiction. 

d'lie nitirked differences from the ]iiddiic|s of distillation of coal 
are in tbe lack of nitiogen coini ainds. of benzene. na])btbalene, an- 
thraceiK’ and siinilai b\droi aiboiis, .nal ot the simple phenols; atld 
in the ]iresencc id the loinponnds wiih niiihow'l, formyl and acetyl 
groitps. 



Chapter V. 

Refining Processes. 

']'he <liscussioii iif llic refininp; pida's^es from tlu' standpoint of 
the chemistry invoKed will he taken up first aceordinj; to the gen¬ 
eral commereial process of complete cooling of distillate as soon as it 
leaves the retort, resulting in the separation of the non-condcnsible 
gas from the liquid products, followed liy settling, the liquid products 
to separate the pyroligneous acid from the tar. Then other more 
com])licated .systems will he discussed. 

Gas 

'J'he condeusation of \:qiors of \olatilc luiuids when mixed with 
non-condensihle gases is a more difficult prohlem than wdicn the vapors 
occur alone, 'fhis is for the reason that the nneondensed gtises tend 
to carry a part of the condcnsihle |irodncts with diem as they leave 
the condenser outlet. The condcnsihle products carried in the vajiors 
are in two di.stinct forms and reijuire different means for their re¬ 
covery. I'he first tind most olivioiis form in which the.sc products 
arc carried in the gas is tis a fog or mist, that is, lu line droplets of 
liquid so .smtdl th.at they settle out only very slowl\, if at all. The 
exact cause of this fog formation is not known and it is a question 
whether difl'ereni conditions of condensation may \ary the amount of 
fog. It is certain, however, th;it it is not due to inefficient condensa¬ 
tion, since the iiarticles are in litjnid form and may he carried by a 
perfectly cool gas. These small ii.articles c;m he stojijied only by 
some mechanical means such as hafllc jilates, ;i sernhhing tower, or 
an electrostatic precijiitator. The slow and incomplete settling noticed 
in the gas mains is due to the larger particles only, and even greater 
retaixlation of the .speed of the g:is flow, as in a gas tank, would 
probably not settle the finer jiarticles in any reasonable, length of 
time. Bafllc plates in large gas mains would probably stoji .some more 
of the fog by the cnnttict of the particles with the wpt jtlates, but a 
scrubbing tower filled with coke or provided with wafer s])r:iys would 
be more efficient. 

It is doubtful, how'ever, whether any of these means of stopping 
the fog would give a complete separation. The problem is similar to 
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that in other industries wliere liquid particles like SO3 fog or solid . 
particles like cement dust arc’carried in gas.'s. In these cases com¬ 
plete and rapid settling can he obtained only by an electrostatic 
precipitator. 

It has been reported' that a Cottrell precipitator was installed on 
the outlet from the condenser of a wood distillation oven with com¬ 
plete settling and recovery of the fog. The amount of li(|uid recovered 
was about 1.7 per cent of that cf)»iing from the condenser in liquid form, 
and the com[)osition was about the .same except that there was not 
quite so high a iiroportion of the more volatile products, such as 
alcohol. 

The sec<ind form in which condensible proilncts may be carried 
away from the condenser by the gas is as a true vapor. This is 
due to the fact that the condensed liipiid has a slight vapor pressure 
even when well cooled and the gas is, therefore, s.alurated with the 
vajHirs, the projxirtion of \a])ors m (he ga'. depending entirely on the 
vapor pressure and the va|ior pressure varying with the temperature. 
If, for instance, the liquid condensate lias a vajior jiressure of 

17.4 nun, the gas will consist of or 2.3 per cent of vapors by 

volume. This vajior pres.sure of 17.4 mm is actually that of water 
at F.. which is an indication of the possibilities of loss in this 

way. The wqior jiressures also increase raiiidly with increasing teni- 
lierature, so that, f^ir instance in the ease of water, the vapor pressure 
is more than doubled between (18 ’ f''. and i|o' F. In fact, tbe loss of 
vajiors would naturally be greater than this since the more volatile 
constituents of the in roligneous acid, meth\l alcohol and methyl .acetate, 
■have much higher vapor pressures than water (8.8.7 mm and 160.8 mm, 
respectivelv, at 20” C.) and tbe v/por pressure of the pyroligneous acid 
would probably be higher than that of ]rtire water. In this case also 
the conqiosition of the lost vapors would be dilterent from that of the 
pyroligneous .since the more volatile constituents would be lost in 
greater proportions, ft should also be noted 111 this connection that 
in this unneutralized jiyroligneous acid a f.airly large proportion of 
the methyl alcohol exists in the form ot methyl acettitc which is sub¬ 
sequently hydroliz.ed to inetbyl tdcohol by tiie neutralization. The 
methyl acetate htiving a higher vapor pressure than methyl alcohol 
goes into the gas in greater (juantities than pure methyl alcohol \\ould. 

Klar = says that lo.sses in the gas of 5 iku- cent of the total acetic acid 
and methyr alcohol have been observed by bini.. I-awrence" says 
that 5 per cent of acetic acid and 4.S 1’*^'' cent of the alcohol may 
be lost in the ffas but such a high loss of alcohol seems improbable 


’ Unpublisheil rc|.ort of the Hi scaich Corporation 
’ Lot', iit . p. 

* Jour. Soc. CItfin. Ind. 37, uT (191^^)- 
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except in case of very poor cooling. Tn the case of the kiln process 
where the proportion (if gases is liigher, dne to the admission of 
air to the kiln and the partial conihu.stion of the charge, a loss of 
wood alcohol coiislilncnts amounting to 35 to 40 per cent of the total 
has been ohserved.' 

The vai)ors of alcohol, metlnl acetate, and acetone can he partly 
recovered hv running the ga.ses n]i throngli a scnihhing tower in 
which they are washed hy a descending stream or .sjiray of water, 
since all of these vapors are solnhle in water and their vapor jire.ssure 
is diminished hy solution in water. I’rohahly a non-volatile or high- 
boiling oil such as is used in Ujlnene recovery from coal gas could also 
he u.sed efficiently for scrubbing a wood gas. 

Liquid Products 

The liquid |iroduets from the condensers on s.anding sejiarate into 
two li(|uid layers, the tar and the pyroligneous acid, the tar on account 
of its higher s])ecilic gta\itv settling to the bottom, (in account of 
mutual .solubility, howener, the sejiaration is not complete, a part 
of the oils and of the non-volatile constituents of the tar remaining 
dissolved in the |iyroligneous acid and part of the water, acid and 
alcohol, of the pyroligneous acid remaining dissolved in the tar. y\c- 
cording to Klar ' I'iurope.in hardwood tars contain about iS per cent 
water, 2 ])er cent acetic acid .and 0.7 tier cent wood alcohol. The 
tars jiroduced m the typical .\merican plants will iil'ten I'ontain 3.5 to 
4.0 per cent acid, and hardwood tars produced in the laboratory have 
run as high as 7 per cent acid. There are probahlv seieral reasons for 
these variations hut one of them is certainly the ditference in the acid 
concentration of the jiyroligneons acid. It would be exjiected that a 
tar in contact with a pyroligneous acid containing a high concentration 
of acetic acid would also contain a high concentration of acetic acid. 

The amount of “soluble tar" and oils in the pyroligneous acid is also 
variable. Klar" gi\es "7 iier cent and more" for the soluble tar in 
pyroligneous acid from air-dry beech wood, in American practice 
the soluble tar will run from 0 to 10 per cent of the pyroligneous acid; 
in laboratory distillations of hardwood jiy roligneous ;icid is frequently 
obtained with 12 to 13 per cent of soluble tar. It might be expected 
that the amount of soluble tar would be gretiler when the concentra¬ 
tion of acid or alcohol, or both, in the ]iyroligncous acid was greater, 
hut there is no general rule to this effect. It is not even knowm whether 
the concentration of dissolved tar is limited hy the amount of water- 
soluble pitch jire.sent or hy the composition of the p>roligncnus acid, 
although this could be indicated by the simjile e.xperiment of de- 

* Hawley, Chem. & A}et. J-.iig. tS, iy8 (lyji). 

“ Luc. ctt., p. 57. 

* Lot*, at., p. 52. 
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termining tlie Mjliiliility of st-ttled t:ir in di^ilk-d or “tiir froc” pyro¬ 
ligneous acid. 

Tar Distillation 

(dll account (d Ibis soliibililv of alcoliol and and in ibc settled 
tar, the batter nntst be ilistdled in order to reemer the \,abiable products 
contained in it In e.i-es wbi^a* no spoiaal atteniiit is made to com¬ 
plete tlie distillation of the tar with the piodiiction of be.iM oils and 
pitch, but viliere onl\ the reco\er\ of the aboliol and acetic acid 
is required, the settled t.ir is distilled wnb sleaiii Winn the tar 
is distilled with steam foi this pnipose the bylit oils ale coinmonly 
distilled coinpletely and aKo a \ar\ing anionnt of heavy oils, dc- 
liending on the anionnt of steam tiscih 'Ibc tlieoii miilerlx ing this 
process is diflicnlt to deielop, '■him- we are disi'Ming with steam tiot 
merely an oil completeU nisobible in water, wbuli would be a siiiqile 
case, but an oil coniaming in scdiitinn .i snbsiaiice, acetu acid, also 
soluble in water, and it i- this acid soluble in Imtli the oil and water 
which we arc' interested m distilline, and scp.ir.ilin.g. .Apparentiv, bows 
ever, the solnbilit'. of the ste.mi in the aectn .n id piawenls the dis¬ 
tillation of the bitlei’ along with the oils ol the same boiling point, 
because altboiigb acetu lias a boiling [loiiit ol i iS ('., \et it is not 
all remoxed Irom the tar e\en when all the oib boding below -'chi' ('. 
have been reinoxed b\ the suam il-siilbuioii. 

Wliatexer max be the tlieoix ol ibi- distiilation the best condi¬ 
tions [or ctirrving it out efbiientlx baxe bieii di tcnnined ' It lias been 
found that xxben other conditions .in- xonsianl a distillate more con¬ 
centrated in acetic acid .md a bigber peiu'iiiage recoxerv ol acid are 
obtained bv sloxxin' distillation I bis is prob.iblx entireix a matter 
of obtaining eipiibbriiim between the steam and the xolatile con- 
stilnents of the tar and iiiigbl not be ;a i.iiiiil in a tall and narroxv 
still or beloxv ceitam limits oi s|iee<l In ,i nil ' i.m,-lining gio gallons 
of tar in a forty-incli layer and with speids ol slx-ani axeraging 25 
and 50 gallons per boiir, respeilixxlx, in two niiis the sloxver sjieexl 
gax'C 149 t'onnds of acetic acid in jo; gallons of water in 0 hours, 
45 minutes, while the faster speed gaxe i.yt iionnds of acid in 273 
gallons of water in 5 bonrs. 45 miiuiles. 

'1 be pressure of steam in the closed coils of the still or, in other 
words, the temperatuie of the tar xxliilc- the stetnn is being'^iloxx'n 
through'also lias :i very delimte ellecl. In small laboratory apparatus 
two distilbitions xxere carru’d on nndei e\;ictl)' the same conditions ex¬ 
cept that in offt- the temiieratnre of the l.ir corresponded to to ])ounds 
steam ])ressure, in tin other to 30 pounds. In the di-tillation at loxver 
temperature a total volume of 44(1 cc distillate contained only 8.6 gr. 

’Hawley aiul rakliTttt'tjil, hnn. lud I'lPi L lu lu. ifxS.) (kj.-u). 
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acid, while the higher temperature gave in 272 cc distillate 10.3 gr. 
acid. 

There is no special problem in recovering the alcohol contained 
in the tar since on account of its low boiling point it is probably 
removed long before all the acid is recovered. 'J'lic very likely pos¬ 
sibility that the acid last removed from the tar by steam distillation 
consists largely of higher homologucs of ticetic acid has never been 
studied, although Traps “ identified somo of the higher acids in the heavy 
tar oils. 

Few details are available on the distillation of tar by direct fire 
heat for the production of light and heavy oils and j)itch. As with 
other oils containing water in solution the first i)arl of the distilla¬ 
tion, while the water is distilling with the oils, must be carried on 
slowly and carefully to jtrevent foaming and “boiling over." After 
the water is all removed the distillation can be hastened without danger 
until near the finish, when, as the last of the heavy oils are removed, 
there is again danger from too rapid heating or carrying the dis¬ 
tillation too far, since the pitch may be “coked.” This “coking” of 
the pitch is apparently an exothermic, reaction and may retidily Ik‘- 
come uncontrollable. If after the distillation is finished the pitch 
is drawn off and exposed to the air while still very hot, there is also 
danger from its .spontaneous ignition. Judd and ,\cree •' have shown 
that in small scale distillation of tar, agitation of the charge wdth steam 
makes it ]iossiblc to carry the distillation to the “hard pitch” stage 
without danger of coking the pitch. 

When the tar is distilled hy direct fire without the use of steam, 
the water wdiich comes off during the first jiart of the distillation con¬ 
tains a large proportion of acetic acid Imt the higher fractions of oil, 
even those boiling well above 2 CX)” C., still contain some acid probably 
mostly acetic. Since there is no water collected with these oils the 
acid remains dissolved in them and ran be recovered only b) wash¬ 
ing with water or a solution of alkali. In one of Judd :ind .\crce's 
distillations with agitation by a jet of steam, where nearly one and one- 
half times as much water as oil was collected with the heavy oil, 
there was still 0.7 per cent acid in the oil. 

The light oils have a dark color, es])ccially after standing in the 
air, and a very pungent disagreeable odor. Un redistilling, the color 
is lightened but not permanently. KeutrahV.ation with sodium car¬ 
bonate before redistilling makes the color of the distilled product 
lighter and more permanent and akso improves the odor. I’reliminary 
experiments have indicated that hydrogenation of the light oils gives 
an almost colorless product with a pleasant ketone odorj'but no details 
are available on this treatment. 

* Am. Chem. Jour. 2$, 26. 

*Jour. Ind. Eng. Chem. 9, 276 (i 9 i 7 )- 

**Forest Products Laboratory “technical note,” Chem. & Met. Eng. 16, 708 (1917). 
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The hea\'y oils direct from the still are frc(|uetitlv the final market 
product, hut they may require redistillation dr neutralization or both. 
The fraction with boiling points between 195" and tb, is especially 
valuable for the production of “becchwood creosote ’ which is a sjie- 
cially refined part of the alkali soluble constituents boiling between 
JCK)° and 220" C., an<l probably consists mostly of guaiacol, creosol, 
bomopyrocatechiii diniotb)d ether, and the xylenols, since these are the 
main known constituents of the.oil having boiling points between these 
limit.s. The first three of these conslilnents probably occur in largest 
])roportions in a well refined product, since they have the highest 
gravities and the refining process ” is jiartly for the purpose ol obtaining 
a bigh-gravity jiroduct. 

I'be pitch usually requires no special refining jirocess to make it a 
finished product. Its bardjicss is controlled by the point to which the 
separation of the oil is carried in the distillation Judd and Acree '■ 
note that when a bard )>itch is pre|)ared, the last small fraction of dis¬ 
tillate solidified "to a jelly-like mass on account of the presence of 
paraffin.’’ 

Pyroligneous Acid Refining 

The pyroligneous acid, jiartly separated from the tar by settling 
but still containing in solution certain non-volatile tar constituents, may 
be eotnplelely .scpar.ited from tar by distillation. This distillation is 
practically nothing more than the separation of \olatile from non- 
\olatile material and no special ]ndbleni of fractionation is encountered. 
.\ eery small amount of oil distills over in this jirocess and is .separated 
from the aqueons di--tillate, but the ’‘soluble tar’’ left behind in the 
still after all the aqueous dislillau- has been removed is practically 
free from oils. The soluble tar, however, contains in .solution 7 to 
1(1 |ier cent acetic acid wbivb can be separnled by the same Jirocess 
as IS de.scrilx'd for distilling settled tar ;Hr recovery of acetic acid 
tseeji. 73). 

The tar-free jiy nil igneous acid is next nentralized with lime for 
the formation of a non-volatile jinidiut of the acetic acid, so that the 
volatile wood alcohol can be sejiarated by distillation. This nentraliza- 
tion, however, acconijilishcs much more than the formation of acetate 
of lime, since it is the can.se of several conijilex reactions which affect 
the cjuality of the jiroducts subsequently sejiarated. d'he details of 
these rcjactioiis due to ncittralization ba\e never been studied and it 
is only known that commercial jiractice has very definite but some¬ 
what variable*,riilcs for deciding wben the neutralization lias been 
jiroperly acconijilisbed riie addition of lime is accomjiaiiied by such 

” U. S. Pat. No. 1,199.^71. 

Loc. cit. 
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marked color chanjje.s llial the end point is readily determined by 
the color.'-' 

In a solution containinij ap|iroxiniatelv 4.5 per cent methyl alcohol 
and 10 per cent acetic acid, there ninsl he, in accordance with the 
equilihriimi of the revi-rsihle reaction, a certain amount of methyl 
acetate. When the acetic 

n 1 / dl + t'll ,CO( )11 fl 1,(■()( K'l 1 ., -1 1 h,() 

acid is nentr.'iliml, the ineth\l acettite slouly hydrolyzes to methyl 
alcohol anil acetic ticid ntitil e(|nihhritiin is aK<itn tilttiined, the solu¬ 
tion attain hecomiiif; ticid. If more lime is added the methyl ticetate 
will finally he completely hvdrolvzed, hut more lime is not commonly 
added and the IndroK.sis is so spov that metinl acetate is generally a 
prominent constituent of the distilltite from the netttralized liiptor. 

.\ similar effect is due to tiie |iresence of formaldehyde in the Iiyro- 
ligneous acid. In slightlv acid sohilion formaldehyde is stahle, hut 
when the solution is made slightly alkaline and heated it undergoes 
.self-contained oNidatioii and reduction forming methyl alcohol ;md 
formic .-icid (see |>:tge 3(1). Here too a iom|iletcly neiitrali/ed solu¬ 
tion tends to become acid again, due to reactions started by the 
neutndization. 

'I'he most im|iortant and noticeable effect of neutralization is the 
formation of non-yolatile organic com|iounds by polytnerization, some 
of which are iiisolithle and help to form the sludge, others being 
soluble and thus becoming inipttrilies in the acetate of lime. .A few 
guesses have alretuK been made th:it the insolttble polymerization prod¬ 
ucts were mostly of the class of aldeh\de resins and the soluble of 
the class of xvlochinon. but these are only good gnes.ses, and the organic 
p:irt of the sludge and the organic ini|iitrities in the acetate are really 
of unknown composition, 'fhat the slndge contains organic material 
can he shown by boiling with hydrochloric acid to dissoKe the lime 
atid other inorganic con-titneiiis. \ thick lietivv oil is left which on 
cooling solidifies to a hard (iitcln substance. 'I'he inorganic portion 
of the sludge probably consists of nnburned calcitttn carbotitUe and 
other insoinble impurities in the lime. 

'file neutnilizeil (ivroligneous acid on distillation now yields the 
volatile constituents not iixeil by the lime, consisting mainly of water, 
methyl alcohol, acetone, methyl acetate tnid allyl .■dcohol. liy this dis- 
tilkition also some of the oils, esjiecially the |ihenol ethers, which are 
apparently more soluhle in the acid solution than in the neutral solu¬ 
tion, are brottglU to notice by separating from the distilkite. On 
further concentration of the alcohol constituents still^^inore of these 

’■‘Jnliliii \hnir Juil I no {'hi ni t)ial tlifN I'tiloi diaiiKC is largely due 

to traces Ilf noil in liu lime nactiiiK vvitli tlic ili-nirlliyl (tlni of pjroKallic acnl or other 
phenol ethers 
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oils separate, prol)a!)ly on aeoouni of tlioir greater solubility in methyl 
alcohol than in water. ( )n account of ihe dilTt'rent soluliility of these 
oils in different fractions of Ihe distillate, it is advantageous to sejiarate 
them continuously from Ihe distillate, otherwise oils which are iii.sohihle 
in some of the later parts of the distillate and can he se|)arated from 
them may be redissoKed if allowed to mi.\ with the first part of the 
distillate in which they are more .sohihle. 

The preparation of jiitre nietlul alcolud fiom Ihe crude concentrated 
wood_alcohol is a more com|ilicaled process th.iii a .sim|ilc sej)aralion 
of various constituents ticcording to hoihng points. 'I'his is due to 
the facts that .some of the constituents form eonstant hoiling inixtures 
which can not he septiraled hv distillation, that certain volatile liases, 
prohahly pyridiues, reipiire an acid washing for remocal, and that oils 
soluble in the crude arc not sohthle in cerl.iin fniclions and must he 
removed :il the proper place. 

According to Haywood " methyl .alcohol and acetone form a con¬ 
stant hoiling mixture consisting of 8 ( 1.5 per cent hy weight of .acetone 
and 13.3 per cent metliyl alcohol and boiling at 53 <) ' C. I’lergsliahm 
found tlie nn.sture to consist of i)o pel cent hy weight of acetone and 
to per cent methyl alcohol, hut he did not determine the boiling point. 
According to KvI.and methyl alcohol .and methyl acetate form a 
constant boiling mixture consisting of 18 ]ier cent methyl alcohol and 
8 j per cent methyl acettite. hoihng at 5,p3 -.5 I 5 < lie also stales 
that methyl acettite and acetone fori.; a const,mt hoiling mixture, but 
the boiling ]ioinls iff the ]iuie compounds are so close together that 
the comiKisition of the constant hoihng mixiuie could not be deter¬ 
mined. h'rom these figures it c.an he seen th.il methyl acetate .and 
acetone can not he sejiaraled compleleK from methyl alcohol by dis¬ 
tillation alone, hut th.it methyl alcohol i.an he si-p.arated in jiiire state 
from the other conslilnenis by losing, ;i certain amount of methyl 
alcohol in the constant boiling niixiures 

It is nol known whether a triple constant ' oiling mixture is formed, 
hut if not, the results of di.stilling a mixture of these three constituents 
is much Ihe same :is if the mixture consisted of the three compoueuts, 
(i) methyl alcohol 11.1’. tit 1 . 3 ", I-’) constant boiling mixture of melhvl 
acetate ;uid alcohol with 11 . 1 '. 5 ,’v 3 .and (,51 constant hoiling mixture 
of acetone and alcohol with 11.1'. ,54.5 I hat this is the case is indi¬ 
cated hy the fact that the first fractions on distillation ha\e a specific 
gravity higher than the later fractions (methyl acetate sp. gr. (f.pti, 
methyl al<;ohol and acetone sp. gr, both .about o.J')). I’his is also 
indicated by the jirescnce on the market of commercial products from 
wood alcohol naming, one containing so-tio jier cent methyl acetate. 


Fhys. Clicni. J49 (iXqg). 
Bihang till Jerukornlon tt Annalcr, 
Am. C'hem. Jour, .v, 384 (iSyy,). 
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2Q i)er cent acetone and the rest presumably methyl alcohol, the other 
containing 8o to 90 pet cent acetone. 'J'he former of these products 
has a composition very near to that of 3 ])arts of low boiling mixture 
(2) and one ])art of mixture (3). 7 'he latter is almost the pure con¬ 
stant boiling mixture of acetone and methyl alcohol. 

The separation of these constant boiling mixtures from methyl 
alcohol is difficult on account of the small differences in boiling points 
and this re.sults in the production of large quantities of refined wood 
alcohol containing small amounts of acetone, since for many juirposes 
small amounts of acetone are no disadvantage. The methyl acetate con¬ 
stant boiling mixture is more readily separated by distillation heeau.se 
there is less of it and it has a lower boiling point. 

Many chemical methods for .^eparating acetone from methyl alcohol 
have been suggested but they are apparently not as efficient as the 
separation by di.stillation, since none of them arc used commercially. 
The formation of chloroacetone and subsequent ‘..ejiaration by distilla¬ 
tion is the favorite suggestion and a method based on the insolubility 
of acetone in caustic soda solution has also been described.” 

The solution containing calcium acetate and organic impurities 
from which the alcohol constituents have been removed by distillation 
is now ready for the preparation of the acetate On account of the 
fact that calcium acetate is very sohible in water, and is more soluble 
in cold water th:ui in hot, no rational method of concentration and crys¬ 
tallization has been develojted, and instead evaitoration and drying are 
the methods used for preparing the bind arcttite pri.duct. 'I bis method 
results in an acetjite contaminated by organic impurities. Commercial 
acetates contain 80-83 per cent calcium acetate and this variation is 
probably due largely to the conditions of neutralization, although the 
exact effect of the.se conditions is not kncjwn. I'here is a certain 
amount of calcium formate also present. No data on the calcium 
formate content of .\merican made samples are available, hut Berg- 
strchii '* .shows 2.3 per cent formic acid on two sanqilcs of acetate 
produced in Sweden from hardwoods. Just how much of the 17 to 
20 per cent impurity is water of crystallization. hygroscoi)ic water or 
inorganic impurity is unknown, although calcium acetate is supposed 
to crystallize with one molecule of water from hot solutions,” and this 
would give about 9 per cent water and lo jjcr cent organic impurity 
in an 81 per cent acetate. 

Combinations of Steps in Refining 

The simple refining process which has been discuss'd in some detail 
consists of numerous separate operations during which the main part 

” U. S. Pat. No. 1.106,707. 

Bihanq till Jernkontorcts Amtalcr, u)»2. 

** Lumsden, Jour. Litem. Soc. Hi, 355 (1902). 
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of the crude distillate is repeatedly condensed and redistilled. This 
is an inefficient process from the slandpoitit of*consumption of steam 
and condenser water and many methods are tiow in use for combining 
certain operations .so that the vapors from otie may be used as the heat¬ 
ing medium for the other witlt corresponding economy in steam and con¬ 
denser water. One suggested method is to tise the heat in the vapors 
and gases as they come from the retort for a contimtous refining 
process in which the products are sep.irated by fractional condensation. 
The use of multijde effect e\apor;Uors is also becoming cotnmon for 
the distilling o|X'rations in which Iraction.'itiou between volatile liquids 
is not required, such as the distillation i)f the entde pyroligneous and 
the evaporation of the ticetate solution. Tim use of column stills on 
the neutralized ])yroligueous acid for sepaiiitiug the alcohol in concen¬ 
trated form in one operatiiin is anothei comhiu.'ition of steps which 
increases efficiency in .steatii consumption. 

The first operatior. in the ordmary refmiug jiiocess, the distillation 
of the entde pyroligneous to remove the ili-solved tar, recpiires a dis¬ 
tillation of the entire waterv' distillate with immediate condensation, 
and nothing is accoinplisheii c\c<']it to prc|>.ire thi' ]n’roligneous acid 
for neiitralizatioti, after which it is immediately redistilled. If the 
soluble tar could he prevented fiom reaching the condenser by some 
device between the retort and the condenser, tliis first distillation could 
be avoided. Different methods for accomplishing this have been sug¬ 
gested and trieil but there is only one plant in the Ihiited States where 
stieh an operation isieven ■attempted and it is reported that only about 
half of the pyroligneous acid comes from the condenser free etiough 
from tar so that it can be netttrali/.ed directly without redistillation. 

The removal of soluble tar from the hot gasis and vapors is not 
entirely a problem of fr.ictional condensation hec.ause the soluhle tar is 
not volatile. It must occur in the >apnts in the foim of a fog or mist 
which is so line th.at it docs not settle out in the short distance from 

the retort to the condenser. A partial cooli'i", of the vapors until the 

first condensate is formed does not, theredore, cause a condensation of 
pitch (soluble tar) hut a condensation of the highest boiling volatile 
con.stituents of the t:ir (heavy oils).-" The coudeusalion of a small 
part of the wqjors may, however, he of .(■-■■i^t.'UK'e in the jirecipitation 

*•>111 the vapors tonihi^j from a wotvtl di'.tillatU'.i iKoil .if .i teinjiciutuie of say 2oo* C. 
cveiytliiJiK js probably m tlie form ol a tiiic vapoi ixtipt the actually non-volatile pitch. 
On coolinu the first <on(hiitKiti cousjs,is ol flic h-uluiK oiK with boiling points ar^nd 

270” C. If these oils wert in \apor from In low their boilmg points only on account of,the 
presence of sat,iiiatef! sitam. watci would comhnsL almig with them in the proportion required 
for thtir volatiliratton, but the steam is in suptTluattd condition and there is also a con¬ 
siderable (iuantity of gns pi. sent .in.l both tin sii|m i In .itt .1 stiatii and the gas carry the oil 
vapors the same as or other iiicit gas caii' - waiir vapor below 100* C. It has been 
found that codim; thi. vapois to about loq' C. tciinkn-es most of the tar oils. (Hawley and 

Pier, Chem. & Met. Eng. s 6 , T031, 1922.) The only oils which remain in vapor form 

above 100® C. aie those winch Loostitute llit masnmim amount that could be distilled with 
the amount of saturated steam present pins lliose <anicd m vapor form by the gas at 
that temperature. 
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of the tar because llic first drops of condensate arc very likely to form 
on the suspended pitcl particles and increase their size so that they 
more rapidly settle from the vapors. This is jiroliably the principle 
upon which the tar separators work which cool the vapors until con¬ 
densation just hepdns, and then ]inss the vapors through towers or col¬ 
umns where they arc scrubbed with licpnd tar. Klarand llerg.strom 
and Wesslen liave descrilicd such tar separators but it is not known 
to what extent they are used in I'urojie or whal (|ualily of acetate can 
be made by direct neutralization df the pyroligneous acid jiassed 
through them. 

Some iireliminary experiments have been rejiorted on another type 
of tar separator.-'' On a .small retort a ( oltrell preei|iitator was used 
with the idea that if the soluble tar existed in the rapors in the form 
of a fog it could be se|iara1ed from the true \a))ors by electrostatic 
precipitation. This altem|it uas successful in stojping most of the 
pitch before it reached the condenser, but a small,amount of .soluble, tar 
was found in the pvroligneoiK acid ;ind the acetate made by direct 
neutralization was only yS ]ier cent pure calcium acetate in comiiari-on 
with the 8o to 83 ])er rent obtained in practice by separating the tar by 
distillation. Ifither on account of poor in-nlatiou in the precipitator 
or because some of the soluble tar exists as \:ipor before condensation 
and polymerizes to non-\olatile products afterward the results were 
not entirely satisfactory. 

Two difficulties alwavs encountered m any combination of steps in 
refining wood distiilatiou products are c.iiiscd by thy coniumous forma¬ 
tion of “tar” throughout the ]irocess and by the separation of oils 
which should be removed from the [irodticis of a distillation before 
redistillation takes jilace. Appareiuli there are volatile ]iroducts in 
the crude pyroligneous acid wiiich slowly polvmenze to non-volatile 
products—so slowly that they may not be renioveil in the first distilla¬ 
tion but remain to deposit on evaporator tubes and in disulliiig columns 
during .subsequent distillations. A eontiimoiis fractional condensation 
process of refining has been mentioned in which the heat of the 
vapors is sufficient for most of the refining jirocess. .\fier the vapor,s 
leave the tar separator they would be jiassed into milk of lime for 
separation of the acetic acid, and the tenqierature of the container 
would be maintained at such a point that a concentrated acetate solu¬ 
tion would remain behind, while the alcohol vajiors would jiass over to 
a c.ontinuous column still where the water would he separated hy frac¬ 
tional condensation and the concentrated alcohol would pass to a con¬ 
denser. Such a Jirocess is perfectly pos.sihle and is ideal from the 
standpoint of fuel ci-insumption, but there arc difficulties to be over- 

Loc. cit., p. 185. 

** Otn Trakolninp, p. 2ot. 

^Hawley and I’lcr, (hem. A/et. /•'»'/. ^6, 1031 (ro22>. 
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conic. The oils which get through tlie tar separator and would he 
removed from the pyroligneous acid heforo neutralization in the 
ordinary process now conic in contact with the lime and prohahly 
form impurities in the acetate. I'art of the oils would als(> remain 
uncondensed in the vapors from the acetate solution and would go 
to the alcohol still. Here most of them would prohahly he condensed 
with the water hut .some would carry through and contaminate the 
alcohol .solution. Prohahly the greatest ilif'ficulty of a ])rocess of this 
kind, however, woulil lie in the •non-coudensihle gas from the retort, 
which would carry through all the apparatus and finally pass out the 
condenser with the concentrated alcohol solution. W'e Ivive already 
.seen that there is a slight loss of alcohol in this g;is r\en when it is 
.separated by the retort conden'cr in the first ste]i of the relining 
process. The loss would he wry much greater in this ca.se where the 
alcohol is much more concenlralcd and Us vapor pressure is, there¬ 
fore, much higher. Tn order to control this loss very eliicient gas 
scruhhers would h,'iw to he used with large amounts of water for 
senthhing, so that the gtiin in the fractional condensation process would 
prohahly he offset hy the additional expense of recovering the alcohol 
from the wash waiter. 

It is hojied that this discussion of the chemical properties of wood, 
its deconijiosiiiou hv lieat, the products of the decomposilion and the 
jirocesses of ,se]iarating the valuahle products, has heen successful in 
bringing out the complexity of the suhiect, the small amount of detailed 
information avadalde on important points and the opportunities for 
re.search on scientific details and on iiractical ap]ilicaiion. 
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Chapter I. 

__ • 

The Commercial Processes. 


The re^.inl)ll^ wuijd distill,ilinii iniUisii\ is re].resented by two 
classes of i.nicesses si. ilistimt in inetlu.ds and in products lh:it they 
will he tretilcd seiiaralelv ( )nc of these is the deslnictive distillation 
jtroccss; the other, the CNtiriclion ]irocess or the “steam and solvent” 
jirocess in which the resinous ].ri.duct. .are reuioxed front the wood 
tvithotU deeoniposiiion and the woi.d reui.iins I.eliind itnchan;;od. Many 
special and elaborate procesH'^ b.i\e been proposed for resinoits wood 
distillation and some bate opi’rated on a comnu'rcial scale, but for some 
time the only commercial j.rocesses li.oe beloiifted to one or the other 
of these two classes. 

Destructive Distillation Process 

The destrucli\e,distill.ition |.ro.e' . is not standardized enough to 
make j.ossible the description of a tipii al process, although the general 
jiriticiples are the same in all lases. J he wood tisid is [.itchy “light- 
wood” or old stiinipw 00.1 from the longleaf [line, ordinary sawmill 
waste or green timber not lont,lining snt'licient (.itch to make the 
[trocess [.rolitable, .\o other speci , of wood has been used in success¬ 
ful contimied o[ieration, althongh [ilaiit- hate been built and operated 
for some time using .Xorwat [.me and li .nglas lir. 1 be fortiier has 
[.itchy stniii[)s and the latter forms occasional (.itchy [lieces of wood 
wdiieh can be [.icked out of the mill w.isie but in neither case can com¬ 
mercial ([tiantities of woo.l be collected ei|nal in .(nality to the lotigleaf 
[line wood. 

The liglitwuod and sttitii[.wood ate seleited to a certain extent in 
collectioti, not all the stumps or old ilead wood on the eut-over lands 
or abandoned tttqientiiie orc hards lieiiig siilfieieiitly [litehy. 'I he ,slujn[is 
are removed from tlie groiiiid hv dynamile, the charge being placed 
so as to break the stum[i into seteral [lieces as well as to loosen it 
from the gront^il. ;\ little trimming v.iih axe or saw then fltrnishcs 
the wood ill shape sitilahle for traiisiiort.itioii to the [ilaiil. The light- 
wood is cut to strtiight four-foot lengths when jiossihle hut much of 
it is irregular in sha|ic and si/e and is hronght in m short [lieces. The 
wood is in condition for distillation as delivered at the plant since no 

S7 
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drying is required. The lightwood is air dry and the stunipwood, 
although part of it comes from beneath the ground, is much drier than 
green stumps. Only stunqis from which the tree has been cut for at 
least ten years are u.sed. 

The distillation apiiaratus is of several different types; at one plant, 
vertical retorts are used; at several, horizontal cylindrical retorts of 
various sizes with charging and discharging by hand, and in other cases 
larger cylindrical or rectangular retorts, in which the wood is charged 
on cars as in the hardwood distillation process. In two plants the 
retorts are of concrete and the healing is accomplished by Hues of large 



Fic. 1,1.—General View of I’lanI for Dostniclive Dlslillalion of Ke.sinous Wood, 


iron pipe inside the relorl. In some cases ,abo ibe charcoal is cooled 
inside the retort, .altbongli outside coolers are provided with all the 
retorts which charge the wood on cars. ()nly one cooler for one twenty- 
four-hour cooling period i^ required with resinous woods. 

The inetlKids of healing and of takin.g off the iiroducts are also 
various. At iiKist plants all the products are distilled and collected 
tog(;thcr without any atli'm|il to obtain fractionation of the products 
from the retort. .At other plants the lirsi part of the distillation pre¬ 
vious to the destructi\e stage is retarded and the inaxinnuu tcfnperalurc 
kept low, until most ol the volatile oil occurring as such in the wood is 
distilled over without much contamination by destructive distillation 
products, in this case two .sets of condcn.sers are used for the two 
stages in order to i>revent contamination of the volatile oils by tar and 
pitch left in the condenser from the previous run. For some lime a few 
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plants have drawn off a part of the products^ from the bottom of the 
retort near the end of the distillation instead of distilling eveiything 
through the condenser. This material drawn from the bottom of the 
retort is naturally the least volatile ])ortion of the products, the pitch. 
More recently a few retort.s have been o])crated w'ith the heat applied 
mostly at the sides and top, so that some of the high boiling oils could 
accumulate at the Iwttom along with the pitch and be drawn off as a 
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heavy tar, thus obtaining a certain Ir.ictionation of products from the 
retort. 

This type of retort was developed for small plants of one or two 
retorts only, with the idea that such small plants could not afford to 
install refining apparatus and in this way would produce partly refined 
products for shi|)ment to central refining plants. Such small "plants 
could be located near the wood stipply and could operate in one place 
for seveVal years without using up the wood in the immediate vicinity. 
In this w'ay the products of distillation would be shipped instead of 
the wood, witn a consequent saving on transportation charges. This 
plan has not yet been worked out on a large scale. 

The condensation of the liquid jiroducts and separation of the fixed 
gas is carried out the same as in hardwood distillation. The liquid 
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products consist of pyrofigncous acid and crude tar the same as with 
hardwoods, but the tar, on account of the presence of resinous con¬ 
stituents of low j'ravity, floats on the pyroligneous acid. The main 
valuable products are found in the crude tar and the pyroligneous acid 
is usually a waste product. In only one plant has the acetate and 
alcohol been removed from the pyroligneous acid and this was profitable 
only on account of peculiar local conditions, including a cheap supply 
of fuel for the refining process. ' 

After the separation of the crude tar by settling it is .separated into 
various products by distillation and chemical treatment. Tn this refin¬ 
ing process as in the distillation of the wood the processes are various. 
Few standardized lu'oducts are made and many special (uodnets are 
prepared for the markets which have heen developed by the individual 
plants. Pine tar is a fairly well standardized iirodnct and the com¬ 
mercial product is the re.siduc left after various Jight oils have been 
removed from the crude tar hy distillation. The ciaidc tar is distilled 
in copi)er stills jirovided with closed coils ami a .steam jet and the dis¬ 
tillation is carried on until the oil in the distillate reaches a certain 
gravity. 'J'he distilled oil with a gravity up to ahout 0.95 is separated 
for chemical treafment if refined turpentine and pine oil are to he 
obtained, or if refined turpentine alone, the oil up to about 0.895 
collected separately. 'I'his is treated with a solution of caustic soda 
for removal of some of the rosin oils and then distilled. 'I'hc refined 
turpentine fraction .sometimes includes all the oils with a gravitr up to 
£1.87 or 0.875, or sometimes a separation is made of'thc light oils with 
boiling points below the turpentine range. 'I hc pine oil is sejiarated .so 
as to correspond fairly well with the standard steam distilled pine oil, 
except that the range of hoiling ])oints is usually wider in the destructive 
product. Various intermediate fractions are taken to prepare special 
products and a detailed tyjiictd jirocess can not lx' descrihed. 

Pitch is obtained direct from the retorts in the jilants where pro¬ 
vision is made for drawing oil a product from the hottoin of the retorts 
during the last part of the distillation. 'J'his jiitch needs no further 
treatment for market unless it is a little too hard or too soft, when it 
may be mixed with a little heavy oil or "hoiled down” in a special pitch 
pan as the ca.se may he. Pitch may also he obtained as a residue from 
tbe distillation of the tar, various heavy tar oils being obtained as a dis- 
tillate.in the process. 'I'his is not commonly done, however, since the 
process is difficult and the market for the [iroducts is not very good. 

'I'he caustic soda solution which has heen used to treat tl'ic crude 
turpentine contains various constituents which can he reprecipitated 
by acitlifying the solution, and this is sometimes done, uslllig the pyrolig¬ 
neous acid for acidifying. 

'I'he lack of standardization in these pine tar iiroducts is in many 
ways a handicap to the industry, since the expansion of the markets 
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is difficult when the same product can not Ije ol)lained from more 
than one or two plants. On the other hand, it is sometimes beneficial, 
since when the market is poor for one product it lu’cd not be .scjiarated 
but can be combined with other jiroducts. for instance, there might 
be times when the prejiaration of a relined turpentine would not be 
profitable, but the sale of the crude tur[H'ntiue alone or with other 
fractions would save the situation. 

The yields of various products can not be accurately given since 
there- are such \ariatiou.s in tlic (|ualily of wood ii.sed and in the 
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composition of the jiroilucts I he yields are sometimes stated in 
terms of total oil ohtained ])er I’ord of wood Used, and it is helieved 
that ahont 80 gallons jier cord is a lair averagi for this crude jiroduct. 

Steam Distillation and Extraction Process 

d'he raw material for tins pmtess is the same as that for de¬ 
structive distillation tuid the stune discns'.ion on selection atid collection 
ai)])lies, except that any piece small etiough to go into the mouth of 
the “ho"” or grinder is suitable for trausiiortalion to the jilaiit. The 
wood after arrival at the jilaut is hogged into large iiiegular chips 
and then shredded into smaller and more tun form sizes, 'I'he hog, and 
shredder arc standard tipiiaratus for coniminutiiig fibrous material 
such as ‘wood. The fine chips are carried by conveyor to bins at 
the top of the extr.-ictor building. 

The remoefd of the valuable products fiom the wood takes place 
in a battery of cells or extractor- and a part of the process is similar 
to the ordinary intermittent countercurrent, series extraction. Before 
the extraction with solvent, however, the crude turpentine is mostly 
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removed from the woo;} by steam distillation, and after the extrac¬ 
tion the solvent remaining on the chips is recovered by another steam 
distillation. All the.se operations are carried out in the same ap¬ 
paratus and each cell must, therefore, be provided with a steam 
jet, closed steam coils, inlets and outlets for the solvent, and separate 
condensers for the crude turpentine and the solvent. The extractors 
are vertical cylindeis of various sizes holding from three to fourteen 
tons of wf)od and the greatest variation in design is in the discharging 
arrangements. In some cases the outlet for the finished chips is on 



r'ld. l6.—Interior o[ l.•\lra^or TIoiim', 


the side near the bottom of the ctlinder, in other cases the entire 
bottom of cell is removable so that the chi])s tiiay fall otit without 
restrictioti. 'Idle soheiit is eenerally a special fraction of gasoline 
without the high-boiling portions which wotild contaminate the pine 
oil and ni.ake the solvent recovery difllcult. 

The tiumber of e.xtractors in a battery varies at different plants 
froni.foiir to sixteen, hut in every case the various operations of charg¬ 
ing the fresh chips, steam distillation, extraction with solvent, ,solvent 
recovery atid diselittrging the extnicted chips take ]ilace in tliis order 
in each extractor and all the operatiotis (excent possibly the shortc.st 
ones of charging atid discharging) are tafdng place in‘different parts 
of the battery at the same time. For instance, in an eight cell battery 
some one cell might aluays be charging or discharging, sometimes one 
and sometimes two steaming for crude turpentine, three extracting 
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with solvent, and sometimes two and sometimes three steaming' for 
solvent recovery. 

The details of these operations vary at different plants; suiicrhealed 
steam may he used either for the solvent recovery or for both solvent 
recovery and turpentine distillation; the boiling of tbc solvent may be 
done by direct steam or by live steam; the solvent removed from the 
extractors during the boiling process may be returned to the cell or 
sent to storage; the speed and pressure at which the steam is blown 
into the charge of chips may vary. 

lii every case, however, the crude prodticts of these operations for 
further separation and refining are the crude steam distilled turpentine 
and the solution of rosin in the solvent. The separation of the crude 
turpentine into refined turpentine and refined pine oil is aecoiuplisbed 
by fraclional distillation with sle.am, sometimes a little caustic soda 
being added to the crude turpentine before distillation. The dis- 
till.ation is controlled bv the gravity of the distillate, the fijst fraction 
with gravity up to .about 0.87 going into the refined turpentine, the sec¬ 
ond fraction up to about .01 being an intermediate part held over for 
redistillation, and the last fraction being refined pine oil. The residue 
of dark colored heavv nil is verv small in quantity. The intermcdi.atc 
fraction is cither held over until enough is obtained for a special dis¬ 
tillation or else it is mixed with the next batch of crude turpentine. 

The solution of ro.sin in the solvent also contains the pine oil not 
removed from tbc wood in the first steam distillation and the refining 
process is for the* purpose of recovering the solvent for further^ use 
and separating pine oil and rosin in condition^ for market. This is 
also accomplished by fractional distilkation, with closed sle.ain coils 
during the first part of the process, and with live steam also during the 
latter part. There is a wide difference in boiling point and in gravity 
between the solvent and the pine oil, so that this separation is not diffi¬ 
cult, and if some pine oil is distilled with the solvent it is not lost 
liernuse it all goes back into t!ic proctss again. Great care must be 
taken, however, to remove the last traces oi jare oil from the losin 
in order that the latter may be hard and brittle. After the pine oil 
is all removed the molten rosin is run into wooden vats and dipped or 
run into barrels. 

There are two points about this process which must lie carctnliy 
watched to ]>revent trouble, solvent loss, and contamination of 
turpentine with tbc stdveiit. When working with laige c|it?futities 
of hot yolatile solvent a few leak^ or incomplete condensations re¬ 
sult in a serious loss. It may alsfj he noticed from the general de¬ 
scription of tUe process that the same c-xtractor is used for turpentine 
distillation and solution with gasoline solvent, and that a leak at the 
valve in the solvent eonnection to the extractor during the steam dis¬ 
tillation would result in contamination of the turjicntine with solvent. 
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At some jilants IIhtc arc two valves a sliort distance apart in the 
solvent connection to the extractors, and hetween the two is another 
valve opening to the air. W hen the solvent line is to he closed, both 
valves in the main line are shut, and the one hetween them is opened 
to the air. 



i'lc. 17. lops of i'.xtractnrs and I’.ottom of chip Itins 


The yields of jmidnets in this process vary consider.ahly with the 
quality of the wood u.'-ed and the cf)mpleteness of the extraction, hut 
it is believed that jx-r cord of wood about 500 pounds of rosin, 14 
gallops of turpentine and (> gallons of pine oil arc fair avenige figures. 


Statistics 

The latest statistics on resinous wotxl flistillaticni are givcti in the 
Bureau of Censtts report, “Forest Products: 1919.“ Tables 17, 18, 
and 19 arc taken from that report. 1 able 17 showing the number 
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TABT.K 17. 

Sol'TWCIOIIS CoNsl'MI-.n IN DiSIIU,ATKIN, IF,’ StMI-S. I()II) 




1 Quantity 

I Cfist 


Xiiinitor tff 


—_ 

-- 

— 

Stale 

fslahlisli- 

IllftllS 

Conk 

1 

iVrcfiit 

(hslnhii 

ti'>n 

Total 

Avuraso 
lK*r coril 

L'nitcil States . 


1 » 

too <1(1 

$i..Si).t.iJ 77 

$ti .42 



ni.1,i|li4 

40 () 

.';tn,,S 7 () 





6 

1 

.U 

(nK, 74 ,t 

7 . 1 (J 




41,41(1 

It) j 


6 40 




7 " 

KV 7 HX 

1 5 3 ^ 




1 

cr-iH 

* t) 

.s-'.'i.sX 

1 7 . 8,1 





* Indiiik's I (st.ililishnidil ilivullmj; ';.i\\(lost 

i IiK'huU s I si.Lklisliinriils ‘li'vUiliulf d tiillow'' -MuhiKati. 1. 1, North 

Carolina, aiul Texas, i. 


and location of |)lanl' and the tinionnt of wood consinncd. docs not 
make a distinction between destrticti\e distillation and extraction ])lants, 
hut a rough estimate of th<‘ relative si/e of the two ])rocesses can he 
obtained from the rosin ligures in I'ahle iS. 'I'his rosin must come 
only from the extraction plants, and at the rate tif 1.8 barrels of 
rosin per cord of wood the, amonnt of wood used by the extraction 
plants would be about 130,000 coiab. 'I'he two branches of the 
resinous wood di-^illatioii indnsirx were, therefore, about the same 
si/e in l<)ii). Two new extraction iilanis have been built since IQKI, 
so that this branch is now' prohahiv larger than the destructive 
distillation branch. 

'I'ahle M) shows the actutil holding capacity of the distillation ap¬ 
paratus in cords of wood, hut Ihi must not be taken as any measure 
of distillation capacity of the apiiaratns in cords jicr day, since the 
length of time the wood remtiins in the .iiiparatiis may vary widely. 

'I'he division into retorts and mens i.-. also suhiect to criticism. In 
resinous wood distillation the distinction between retort.s and ovens 

TALil.E iK 


(JUAMI'II III' I’ltlllULTS lUOM Soi-TWIKII) I )l S ITI.I.ATION I I()Ig 


Kind 

Quantity'; 

Rosin . 

Turpentine . 

Tar . 

Tar oils.•. 

Charcoal . 

Wood creosote . 


234,030 

1 .^^ 34.333 

2.125,757 

581,042 

1,702,103 

207,050 
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TABLE 19. 

EguirMEN'r Used in Softwood Distillation. 


State 

Retorts 

Ovens 

Steam 

extractors 

Agpre- 

gate 

capacity 

(cords) 

N umber 

Total 

capacity 

(cord.s) 

Number 

Total j 
capacity! 
(cords) 

Number 

Total ' 
capacity 
(cords) 

Alabama . 

20 

10 



60 

150 

t6o 

Florida .. 

j8 

30 

11 

70 

40 

320 

420 

Georgia . 

76 

.306 




.363 

66q 

Louisiana . 


40 



8 

17 

57 

All other states *. 

-SO 

78 



2 

20 

y8 

Total . 

19(1 

4 (i 4 

11 

70 

l. 3 -‘ 

870 

' I.W 


•Includes Michigan, Mississipin, Neidi ('.iidlin.i and Texas. 


is not even .so simple as in lianhvooci distillation, since llieie is a nincli 
wider variation in de.si,iin of distillation apparatus in tlie former 
industry. About the only .safe distinction between tbe.se two terms is 
to call band-loaded apparaitts “retorts” and car-loaded appaialus 
“ovens.” If ibis line of divi-'lon is made Table 19 is incorrect, since 
ovens of tbe same t\ pc as tbose used in Florida are found in Georgia 
also. 

Statistics for foreign countries are laclcing, altbough Sweden is 
known to have a considerable wood distillation ftidustry in wbicb 
softwood is largely used. I be other countries around tbe I’altic Sea 
also produce large tjuanlities of distillation itrotlucts. inostK- tar, from 
resinous woods. Much of this tar is m.ade in tar kilns or “jtits” with¬ 
out the recovery of other resinous products, and the name “.Stock¬ 
holm t.ar” applied to this product has become a common name for 
pine tar in general. Some time ago, “Russian tnrpentine,” a crude 
destructively distilled wood turpentine, was a common article of com¬ 
merce, being imported into Fngland in large cjuantitics. 

Uses for Resinous Wood Distillation Products 

d'urpentine and ro.siii are I'cry imiiortaut chemical products with a 
large number of uses. Tbe largest compilation of these uses is that 
given 'by the Leather :ind Paper Laboratory of tbe Bureau of Chem¬ 
istry ’ which is reprodtK'cd here in com|)lete form. It must be noted, 
however, that this list was prepared for the standard gum turjientinc 
and rosin obtained from tbe live tree and that the wpod distillation 
products may not be suitable in all ca.ses. For instance, a turpentine 
from a de.structive di.stillation process would not be used for pbar- 

^ Naval Stores Review, Apr. 28, 1917. 
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niaceutical imrixiscs (except piissilil\ lor di^infeelaiils l, lor tlie finer 
grades of vaniisli, or as a raw iiialerial lor clieiiiical processes such 
as the inainifacture of artificial cainiilior or terpin huliate In other 
cases where a dillereni odor was oli|ei lionahle llie destnictne dis¬ 
tillation product might not he use<l. 1 he steam distilled tur|)eutine, 
however, is being used more and mori like the gum lur]ientine. even 
in the liner ph.'irinaceiilieal products. 

'I'here are also some Uses l<g" gum losm m which wood rosin has 
not yet been substituted on accomil of color or lowi-i melting point. 

'J'hese lists are u-r\ exiensne anil mam ol the uses menlioned 
are tinimportant or aie |iossihililie- and imt actual commrrci.d opera¬ 
tions hut the\ sliow \ei\ stronglr the widespre.id iis- and great im¬ 
portance of these law materials I he largest and tiiosi im|iortaiit Uses 
of turpentine are as a Ihitmer and soKeiit lor paint', \ariiishes. tillers, 
stains, |iohshes, etc dlie largest and most imporlaiil Uses for rosin 

are as resinales ( soajis, diieis and si/e t m jila'lic iomi>ositioiis. and 
for rosin distillation ]iro(hicl' 

Steam distilled pme oil is ,i e,immeiiia! pimhut whieli is fairl)' 

new to commerce, and at tir-t it was diriiciill to Imd .1 market for it, 
hut soon mam impoilani uses were linmd lor it and tor some years 
it has eommaiided a higher nriei than tuipmtme. When the llotation 
piocess for ore coiieeiitralion was lust dereloped pme oil w.as louiid 
to he a vei\ good llol.Uion oil and foi some lime it has been con¬ 
sidered almost ,1 si.mdard oil, the le m im new oils hemg comparisons 
with pme oil. Its ^ik'asaiit odor, lai k o| irril.ilmg properties and high 
germicidal powi'r have resulted m it- use toi antiseptics and dis¬ 
infectants, It has \er\ high soKvnI ]iower loi gums and rcsins so 

that mam u-es ol ihi' kind have developed It is Used in paints ;ind 
varnishes to give the sui face a 'hi u elleel. Its jileasant odor coni- 
hined with soheiil action has led |o its use while a lairly clietip 
ileodori/er is tei|mred m vaiMiis oiiv oi lesmoiis coinposiiioiis. it 
hits rt'centlv been used as an mgieiheiil m a denainrmg mixture. It 
also has some vhemieal uses fia-ed ■■n U- high teipmeol content. l)c- 
structivelv distilled pme oil does not have the Imei Uses where the 
pleasant odor i' iei|uireil hut it is used largelv lor such inirposes as 
flotation oils, 

riiie tar has been an im|iortanl commeicial [iroduct for many years, 
hut the original prodiut was not 111,ade h\ wood distillation in clostal 
vessels heated from the outside. It wa- made in tar kilns 01 taf'iiits 
soniewhaJ after the manner in which chareord was made without 
by-product recoverv.-’ When the first pme tai was produced from 
closed retorts ’4 was variable m i|uahlv' and not like the standard "kiln 
tar." 'I'vvo kinds of pine tar were, tlicrcfore, distinguished in the trade, 

Fei II iIo.mIoI .lisoi'si.iii of till aniiTOHs 111 iiiillio.U 111 o|iii.ilin!; ktliis for cliarcodl 
ploduCtKin Wll'l f<*I till I'l mllU tJi'U <• I ' .iKifllllltf. p li>h 
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kiln tar and retort tar, and Ihe latter commanded a lower price. The 
retort tar gradually ini^ffoved in quality and at one time brought a 
slightly higher price than the kiln tar. The two are now used prac¬ 
tically interchangeably although they are quoted separately. 

Pine tar has a large numljer of minor uses but probably its large.st 
single u.se is in the manufacture of cordage. Tarred rope and twine 
preparer] with pine tar arc standard cordage for many pur])oses. An¬ 
other similar use for pine tar is in the impregnation of hemp fiber for 
the production of oakum. Tar is also used in paints, stains, and soaps, 
and for various pharmaceutical preparations such as ointments, cough 
remedies, hair tonics, and antiseptics. 

There are various other products of the destructive distillation of 
pine wood called “tar oil,” “pinewood creosote” or various special trade 
names, which are widely used for flotation oils and for other purposes 
similar to those mentioned for pine oil and j)inc tar. 

Pinewood charcoal has the same uses as hardwOod charcoal, although 
a greater ])roportion of it is probably used as domestic fuel on account 
of the local demands for it for this jmrpo.sc. 

Pinewood i)yrolignc'ous acid is not used in the manufacture of acetic 
acid and wood alcohol, so attempts have lieen made to .sell it without 
any further refining. .Several uses have been developed, such as for 
disinfectant, weed killer and raw material for pyrolignite of iron, but 
much of it is still a waste product. 

USES 01 -' TURPENTINE. ‘ 

Compiled by the 

Leather and Paper Labor.itory of the Bureau of Chemistry. 

Naval .Stores Review-, April 28, 1917. 

Volatile thinner for ])aints. varnishes and wood fillers. 

To accelerate o.xidation of drying oils (as an ozonizer). 

.Solvent for waxes in shoe :ind leather poli.shes, floor polishes and 
furniture polishes. 

Solvent for gums in lacquers and varni.shes. 

Ingredients of waterproof cements for leather, riibhcr, glass, 
metals, etc. 

Solvent for waterproofing compositions. 

Cleaner for removing paints and f)ils from fabrics. 

Pharmaceutical purposes, including; 

Disinfectants. 

Liniments. 

Medicated soaps. 

Internal remedies. 

Ointments. 
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Raw iimtfrial fur prodiK-in^ synllictic cawiplior and indirccth, 

Celluloid. 

P^xplosives. 

JMrework.s. 

Mcdidiifs. 

Raw material fur jirudueiii” lerpineol and eiualvplol. 

Raw material fur ]irudtK'in<^ tenjiinii)drate used in medieines. 

Raw material fur ]iroduem,>; isuprene used in making synthetic 
rtibher. 

In the manufacture of sealinj; w'a.x. 

In t,daziu),r putty. 

Injjp'edients <if .some i)rintin^r inks. 

In colur-printiiif; |iruces.ses in iithu,t;raiiliy. 

Luhricant in grindine and drilliii" ijlass. 

As a moth repellant and iu ninth e.Kterminaturs. 

Constituent of insecticides. 

For cleaniipi; firearms (alone ur in cumliinatioii with other ma¬ 
terials). 

In laundry glosses. 

In washing ]ire]larations. 

In rubber .substitutes. 

In wood stains. 

In stove ]iolisbes. 

In modelling wa:?es and grafting waxes. 

In belting greases. 

In drawing crayons. 

In the manufacture of patent leathers. 

As a .substitute for jiine oil in fli t.ifion concentration of ores. 
•SoKent for rubber, caoutchouc ami dniilar suhstances. 

I'sed to prevent “bleeding' in the nv.mifactnre, of cotton and 
woolen jirint goods. 

I.aboralory reagent as substitute fot more e.xpensivc organic solvents. 
O.xygen carrier in relinin.g petroleum illuminating oils. 

Colored turpentine, reagent for w'ood and cork in biological technic. 

eSh'-S Oh' RoSIX. 

* • 

Compiled In the 

Leather and Paper I.alioratorv of the iinrean of Chemi.stry. 
Jsavai Stores Review, .\lav i->, ipiy. 

Manufacture of ro.sin soa]is, including: 

T.ailiKlr3' .soaps and snap pnwilers 
Sizing foi paper and paper Imard. 
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J’aiiit (IruTh. (of lend, nianjijnu'st', and other metals, 

Jnpaii driers.) 

Axle ^rease. 

Waterju'odfins coinpoutMls (iiisolnhle msin soaps). 

Jumilsilialile ods. ( iatlincaiits for high speed tool work) 

Ja-atlur diessii^gs ;uul shoe jjohshes. 

Kiianiels used in eeianiics fresjiiales of heavy metals). 

Maniifacliire certain variiislie'* and 1 ;ic(|1ut.s. 

Maniifaclnrc of jilastic coinjxisitions. inclndinj.,^: 

Scaling waxes 

('ores frn' foundry w'oik. 

I\idjhcr sulisiilHies 
Shoemaker’s w.ix 
l'.)i(pieites aii<l lire kmdk i s 
Artilieial wood. 

(.'<imj>osinon for )t<nt(rn making 
I’apier-niaehe 
llreweTs’ pilch 
Rooling ci'inent. 

(iraflnig wai\ for t^ee^ 

Cheap linoleum ami odck'tii 

In ''hoe liitU.iin idlers. 

Lutes. 

Charinaceiitical purposes, inclnding: 

()iiitinents. 

Llaslers 

Cerates. 

Inlern.d reme<hes |\eleriiiar\) 

1 )isinfeeling compounds 

Makin^^ ronrni^ inatmials. 

.\diilleration of ceresin and jiaralVin waxes. 

\dnlteralion of beeswax and “artificial beeswax.’* 

Adnlleration of sludlac and certain resnis. 

Manufacture of Venice turpentine substitute. 

Mu\ for soldering and tin platin.g. 

Dustinjr molds in foundrii's. 

In dry batteries and electrical insulation ( wiring). 

Constituent of \vood stains. 

, 'll! lielting crease. 

()n leather belts (o previ-nt sli])pinjLi Itisc inadvisalile). 

()n \iolin bows. 

Inir setting bristles in hair brushes. 

(Viustituciit of insect powders. 

]"or the inanufjictiire of “artificial copal.” 

Jn .steel hardening. 

Conslilucut for enamel for brick walls. 
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Coating for match splints. 

Constituent for Mime Ilnur waxes ami |inlislic;t. 

In wax taiiers. 

Hardening tallow candles. 

In .stainiiing powders. 

Sizing for uood-pnlp nail linard. 

In water|)ronling cnnipositiniis fur paper, caul Imaid and fabrics. 
I’aper hangers' si/e. 

Milking imitation IhirgiimK pifcli. 

Mttnufactlire of mimitioiis (hllnig varant space in shrapnel). 
Mannf.actnre of siiekv ll\ papci 
ConstittU'iit ol sweeping conipoinnls. 

W'ateriirooling wooden fence posts 

In mixtures to protect trees from ilinihing iiisecls 

Constituent of printing inks. 

In cements ( for glass, elt I 
h'or caniking slups. 

In .siilphite-waslc ntih/atioii i'rri|i|ie pioiessi 
In the mannfacUirc ol ((.iidensation piodiuis. 

.\s a raw mateiial lor piodiu ing icn.ini Jiemicals I henzene 
derivatices). 

In the mamtfacliirc of c.n honnidiim and c.ali inm carhide I nsiiig 
sawdust and n-liise wood chpis with ic'idiics fioni the mannfadnre 
of tnrpeiitiin' anil rosm i. 

In dcstrncti\c dijlillalioii to inoihnc. 

kosin oil and rosin oil prodncis used in 

(.’enients 

l.iilirieann (oils ;mil asu eoasi i 

I’rmling inks 

Ailnllcianna linsee.I oil. 

I'm vvris' piteli 

\' arinslu's 

kllliliel sulisllintes 

I'linni I p.lints tor \aelils 

I'lolatioii concinli.itioii oi m 

.Mixtnri's to pi ou v i lot' It om i lnnliiiiu iioi 1 1 ■, 

Siiingle slams. 

Waterproolnie tisliKs .nnl loi'Kiee 

Maiiitfai,lnri of lamp lilaek toi liilioeiapliii pinposes 

.Soap making. 

l.callur iliassings ami slioe pololus 
S\vee]iing com|iotitii|s 
,.‘\iliilteratnig oli\e oil .mil i.isioi ml 

Kosin s|iisits used in ' 

illlinillKLlltS. 

'I iirpentine siilistiintes 
Cheap taiiilslus. 
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Acetic acid used for making: 

r 

Acetate of lime (source of acetone). 

Acetate of iion (mr>rdaiU and mineral d^'c). 
Acetate of alumina (\vater]irooling clntli). 

Pitch used for: 

Cobblers’ wax. 

Preserving cordage and nets. , 

Rooting felts and walerpHtoliiig p.ipcis 
Bituminous painls. 

Binder in briquettes. 

(‘aulking sliijis. 

Cements, lutes. 

Klectncal insiilatntns (di> l>a11eriks, wiling, etc.). 
Plastics for pattern inaking 
Grafting wax for trees. 

Paving mateiials 

St(‘el hardening enmpdsitit'iis 

Waterproof masojirv 



Chapter 11. 

The Raw Material. 


The difference in chemical ccmti«)siliiin between hardwoods and 
softwoods has been shown in Table i, but this dilTeicnce is only be¬ 
tween the coinnion, averajje wood [or each y;roup and dues not indicate 
the difference between the raw inateriaK used iu the two industries. 
This is for the reason that the resinous wood distillation industry uses 
only wood selected for its hi,eb resin content. The norintd resin con¬ 
tent of certain resinous wood is sbown in the ether soluble figures 
of 'Fable 4, lougleaf pine and western yellow ]iine bcitig the nio.st 
resinous. Kesin is not evenly distribtiled in the tree, however, and 
certain jiortions inav contain very nutch more resin tlitin the average. 
The sapwood contains very little resin, while the heartwood of the 
stuni]) and btitt log is very resinous, ]iilcliy or “fat.” There are also 
frequent high concentrations of resin in the upper parts of the tree, 
especially at the junction of the limb- with the trunk.' 'I'lie practice 
of tur])entining tbe*longleaf pine tree also freiptcntly causes accumula¬ 
tion of resin in the wood just underneath the turjientine “face.” 'Fhe 
detailed mechanism by which this resm is concentrated in certain jilaces 
is not clearly understood. 

From this jioiiit forward the (bsctission is limited to the lougleaf 
pine tree unless .specific mention is made of another .sjiecies. This 
is for the rea.son that this .sjiecies is the only one used commercially 
and about which there is any detailed mio.mation. 'Fhe jiresence on 
old cut-over lands or in abandoned turjientine orctiards of large ejuan- 
tities of loose jiitchy wood locally called "lightwaiod,” * "fat wood” or 

I Liirhlwoint, Cul Over I..nuls amt ttie Naval Sinivs tiutaslry. Naval Storas itri'icai. 
Special Numbei, u>ji. 

* LiRlttwcMMl IS ntit only applictl to tiiis Itiost ttsintms wood 1mt also sometimes to the 
pitchy wood from stnmps or in lumber. This woi.l is frt«jtiinlly pronounced “lightered” 
and an occabional variant of the name is "liglUtiwood” TIu name prohahly originated in 
the common use of this pilehy wood foi tmclies suue i( euiainly could not develop^from 
either the eolor or the woght of the wood. "J’liir knots” is the name comtnonly applied 
to the peculiar emiical shaped piece ot nsinmis wood wlinh (ouies fiom the junction of the 
limbs and llic trunk. To dislinguisli tin sinnips from ibe piubv wood tiuiiiinig loose on 
the surface of the giound the l.uiei is fn<imntlv calbd “top wood.” Lightwood has long 
been an important material in ilie “pimv wooii'” iryon of the Souili thioiigli its use for 
torches, and for doSiestie and imlustri d fuel It was long usi d as tuel for railroad engines 
and only leeently the qiiiwrly sh.iprd stack of tlo- wood binning loeon.olives could be seen 
in many places in tlie SoutI Ligliiwotxi is still eummonly used :is fuel for the steam 
skidders in logging operations on anount of its high IulI \aliie 'mmI lieiause the ordinary 
green wood which niiglil be cut for tliL piiipos< could n^t develop sudicKTit steam when 
burned in the ordinal y small tire box. 
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“pine knots" and the resin content of old pine stomps Iiavc led 
to the liclicf tliat l(jni;li.Mf pine wood increases m resin content after 
the tree dies or is col. It is ])ossil)lc, however, to account for this 
very |)itchy wood hy considerinf; it a residue left after the decay of the 
sajiwood and the less resinous portions of the heartwood, the residue 
heinpf protected from decay hy its hiph resin content. 

In a studv of the ntdi/ation of wood waste made h\ ,\rthur I). 
Little, Inc., for the (Ireat .‘southern l.uinher to, all the stum]),s on each 



I'H. i«H- Wotxl ;!iui Ixosin 


of several one acre plots were carcfidU measured lor the propor¬ 
tional areas of hark, sa|iwood, decayed wood, ordinar\ heartwood. ;md 
“lightwoocl” on the freshl\ cut surfaces. Sani])les df the wood troin 
average stumiis, ahout one-eighth of the total numher. were then taken 
hy collecting the sawdust from a cut halfway across the stump ahout 
ij/; •inches helow the to]!. I )eterminati(jns of the resin cotitent of these 
samples corres|ionded \ery closelx with values computed from the 
areas of the different kinds of wood, when the following resin contents 
were assumed (see tidile ]i, lO.s). « 

If from these tissumed figures the resin content of the stumjis was 
computed after the hark and sapwood had heen removed by decay, the 
average computed value w:is fully as high as that of the average old 
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Decayed wood . 
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Ordinary lieartwnnd. 
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stutii]). I his shows lhal it is unnt'CL’ssarN In assume am increase of 
resin in the sininp after tlie tiei; is cut in nrilei tn account for the 
high i;esin content of old stnin|is. 

It is just possilile that in the case of ilecaviii” wood, uliere the 
resin content is high lint not (|tntc high enongh to pievenl duav. the 
resin diffuses forward in front of the dccaiing pr ness mild tlie 
concentration is high eiiongli to prevent further deca\ 1 liis h\|>otliesis 
is the result of the ohscrxalion of peculiar hands ol cspecialh resinous 
wood near decaying siirlaccs and lias little conlntnalorr cridciice. 


Composition of the Resin * 


'I'he conii>osition of the oleousin ohtained hv cutting into the lire 
sajiwood of a longleaf jime tree is f.iirh well known, since it is com¬ 
posed of two well-known chcinical raw inalertals, lnr|ientine and rosin. 
'The turpentine portion cinisisls praclic.dli eiilirclv of al|ilia and heta 
pinenes. The composition of the rosni lan n- t he stateil so delinitely 
hut it is su])|iosed to consist mainly m aiiielic acid with a small |)ortion 
of alkali iiisohihle •reseiics" of unknown 1 o nposition This does not 
tell the whole stors, lioweier. since rosin \aites considerahlv in color 
and in the chemical coiislaiits comtnonlv used in re|iorting the results 
of its exanihiatioii such as acid mimher. esiei imtnher and iodine 
niiinher which var\ mer a consnleiahle range. 

The coiiijiosition of resm occtiriiiig in lightwood is dilfereiit from 
that of the oleoresin as lirsi lornied m the tcsin cells, 'fins was a 
fact not realized until the \olalile oils n: 1 e wood were ohtained in 
uncoiitaniinated condition and in lonimercial ijiiai.lilies hv the steam 

* In (tiiltT f<t avotil I iint it'sHui tin ihuik in l.ilit: < In In 'I'l i i) this (lisi iissinii is tsiviH 
htTf tnRctlur witii dtlui ttinis i-iiiinniiiU iisti! Ini lia s.itm 

“Rksin" K apjiliitl oiii\ in lli.it ustnuus iiiit<ii,il .n■llI1"l•.: in llu winni. “J’mli” is a 
coninnni synunym. 

"Olenivsm” tiiiphi’d nii!\ In tin usitinns in,ii(ti,i! tn'imil .is a Ksnli nf .i woitinl in 
the sapwotnl—the fv<sli p.itli<>lni;uMl sctittin-i ui iln iism elk 'llu tuipiiiiin< .ipti.nois 
call this “gum" nr “(liii’’ .itnl sniin uiili'i- i.tll It I III [11 iitim ■ oi ‘innU t in p< lit iii«'’’ 

Tilts (listinilinii iKtwtin icsin .iinl iiln)n.-i.i is md .i<l\m .iii d t<'i ip ini al iisi liliv the 
other nonieiicl.ituie is jiistitml In (.nmnnm ns.ioc 

“Tnrpiuttnt” is applunl nnh in tin \nl,itil« nl iln nlinnsiii nt In ,1 siiutlai iiialciial 

fiom llic iisin Tins is i <l•llIllnlll\ t.ilkil “spiMi'. m ''iniUs 1111 p-til iia ” 01 plain “tnips” 
Translatois finiii tlie Fmiuli fi-ipu ntlv tail it tssiim' finin tin l‘i(ii>li «.>h 1 t'ni tin- 
pentine 0 

“Rosin” Is applu-J niilv In tut imn \nl.itiit pnitmn nl llu ohnn^ui ui tn a Miiiil.ti 
material fn>m the usin. •'('■•inpljniiy” is ilu httiai' itnii fni tin s.mu niattnal h is 
often culled “lesm" hy the lastulmiis \sIk> tin not liKi tin. umph, \iil>>ai jv'iuiul ul cniint 
natne. Tins laiises cnufiisuni oa aimunl ol the piopii list of usin loi aiinllui iiialtiiai 
Uostn nia> he cl.is.-ed niulei the gtmial ttiiii ot itsiiis luit it is imt ‘iisin” 
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distillation ])rocess introduced about 1903. This is shown by the de¬ 
scription in I'orest Service Circular No. 9 (1895) of a method for 
determining turpentine in resinous wood which consisted in volatilizing 
the turpentine in a current of warm air, burning it in a combustion 
tube and computing the amount (jf tur]icntinc from the carbon dioxide 
formed. It was not known at that time that any other volatile com¬ 
pounds were present beside tcrpencs with the formula CjoHjn. It 
has .since been found that not only i^rc there volatile oils other than 
tur}xmtine present in tlie resin in lightwood, but that the composition 
of the true turpentine constituents (terpenes) is different. 'I'he manu¬ 
facturers of steam distilled turpentine had found that there was an 
oil obtained by .steam distillation of the wood wliich had a higher 
boiling ])oint and higlier gra\ity than turixmtine. This oil was called 
■‘pine oil.” ‘ 'I'ceplc - and Tocli ' had identified single constituents of 
this oil but it was not until Schimniel .-md Company'* studied it that all 
its main constituents were determined. 'I'liey rfjHirted the following 
eleven constituents; alpha ])inene, beta pinene, dipentene, linionene, 
campheiie, cineol, alpha ter]iineol, boriieol, fenebyl alcohol, cainjjhor 
and metbyl chavicol. .Since the. first six of these have boiling points 
below iKo° they should be considered turpentine constituents which 
were found in the pine oil due to incomplete .separation. The other 
five all have boiling ])oiuts abo\e jcx)'* C. and are the true pine oil con¬ 
stituents. Al])ha terpinc(]| is probably the main ccjiistitueut of pine 
oil and it has been shown *' that al])h;i pineue and dipentene are the 
main con.stituents of the tur])eutine. ' 

The differences between the wood rosin and the gttm rosin can not 
be stated .so definitely :is those between wood turpentine and gum tur¬ 
pentine, since the actu.al chemical composition of the rosins is not so 
well known btit the variation in certain chemical and ])hysical con¬ 
stants can be given. In color the wood rosin is of medium grade, 
Iv or F on the rosin scale, but with a reddish tint not found in gum 
rosins. The exact cause of this difference is not kmjwn. AVood rosin 
also has a lower melting point than the tivcr.age gum rosin. Palmer 
.‘ays on this point: “The cause of the, lower melting point is the pres¬ 
ence of a small amount of material which ap)H;ars to be in the transi¬ 
tion stage between oil and resin ... of .such high hoiling point that 
it can not be sejiarated from the rosin by distillation. ... It is doubt¬ 
ful if wood rosins of the lower grades can ever be ]iroduced which 
willmielt much above 5^1“ C. compared to the average of 62° C. for 

’“Pine oil” IS tlic tfrm which has httti niiuJi ns(<l as an Kiiglish equivalent fur the 
German word “kiciiol “ Tins Gcrniaii woitl is it.dly the equivalent of our *‘»lcstruclivfly 
distilled wood inrpenline” <uid .ifttr the new eoinuMieial iiroduct of steam distillation was 
called pine oil mtuli tonfusion nsnltcil. ’I’his l.ilu use of oil” has fapidly expanded in 

this oountiy and is now in (oiiniion us.n*( in m.iiktl (tiioi.ilions and teelinual literature. 

*Jour. hid. I'Hg Chem. 6, 

’‘Jour. Am. Chrm. .Sot. jo, 412 (ipo^). 

*S’etni’Annual Reports, Apr., lyio. 

*Koiest Sc-rviec inill. loy, p. 53. 
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gum rosins. 'J he normal melting j)oint of sttindurd wood rosin now 
on the market is from 53" C. to 55“ C." '.'ompare this uniformity 
with gum rosins whose melting iioints var)- from 50° to 70“ C.” 
Palmer also gives the saponification value of wood rosin as 158 to 
160. while gum rosin varies from 155 to 175, hut with an average higher 
than the wood rosin. The unsaponifiahle matter in wood rosin is 
less than 5 per cent, while many gtiiii rosins have :i higher figure. The 
products of destructive distillation of wood rosin differ very little 



Fie. ip ■-Fxtraclor House ami Tower House. 


from those from gum rosin. The vichls are fully as great hut the 
proportion of the different fractions .i:i' somewhat dilferent. The 
evidence at hand now seems to indicaie lliat the ahietic acitl in wood 
ro.sin is an isomeric form of the same body in gum rosin, one in¬ 
dication of which is seen in its lower .soliihihty in stich solvents as 
benzol, petroleum, najihtha, alcohol, etc." 

It is difficult to account for this great ilifftrence in the composition 
between the volatile oils from the fresh oleoresin and those from the 
resin in the old wood. At fir.st an attemiit at an e.xplanation was made 
by .suggesting that the process of distilling the oils from the wood 
transfofmeil the two constittieiits of the original turpentine into the 
nine new coni^ioiinds but, with the possible exceiition of the transforma- 

’ Na:iil Stoics Kc-cicic, Siioiial Niiml'o, "i-o. u in a u'tral privaU conimunicalion 

Mr. l*altncr .slaUs that llit iiK'lltng imuit of ttilam CitiiinuTtial worn] ittsuis is now much 
higher than 56* C. 

’These slaU-mcnts arc all taken from Palmer, hi. nt. 
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lion of alplia jiinene into (lijjentene this was olniously an impossibility, 
since steam at low pressures and in short periods could not accom|)lish 
such great changes in com])osilion. It has also been shown® that in¬ 
creased steam lem])eratnre has no effect on the iiroportion of pine 
oil and that distillation at pounds steam ]iressnre is without effeet in 
transforming ])inene into dipentene. Jt is, therefore, nece.s.sary to con¬ 
clude that all these constituents of the xol.alile oil exist as such in 
the re.sin and are fornual hv gradual oxidation, hydrolysis or rearrange¬ 
ment of the alpha and beta lanenes in the original fresh oleoresin. 
That the change is slow and progressive is indicated hv the faet that 
steam distilled total volatile oil from green, fresh, sawmill waiste con- 
.sisting mostly of sl.ahs (sapwo(id) contains less jiine oil than that from 
old .sfuiupwood (heartw'ood) and that no dipentene was detected in 
the former,-' It has ahso been found that the proportion of pine oil 
is less in the outside (voting) portion of a log than in the inside (old) 
portion."’ • 

Accurate figures on the ratio of volatile oil to rosin in the resin of 
the ohl wood are not available, hut the best estimate give.s about 20 
])er cent of volatile oil. This is in comparison with about 25 ])er cent 
volatile oil in the fresh oleoresin. The proportion of heavy oil in 
the volatile oil of the resin may vary from 10 per cent in green wood 
to 50 ])er cent in old stumps. 

It has been shown in ( hajitcr 11 of I’art I that the yields of methyl 
alcohol and acetic acid from the distillation of softwoods are much 
lower than those from hardwoods. Aside from th(j variation in the 
com])osilion of the tar due to the jiresence of resin, it is not known 
what differences may exist in the other products. It is not even known 
whether a non-resinoiis softwood gives a tar just like a hardwood tar, 
hut from general apjiearances there is no difference. It has been 
reported " that redwood, a softwood with very little resin, gives a tar 
with high projiortious of ])henol and crestd, hut no details have been 
given and it is believed that this is not the case with other softwoods. 
The only explanation of this dillerencc is in the high water soluble 
content of redwood (See Table 4) since no other difference in composi¬ 
tion is noticeable from the chemical analysis, 

''l''tir(st JtllJI it>s, p. 2a 

** Siivut Hull. lilt;, |j 4j. 

’‘’Forest Ser\ic». Hull it»i>, p. 22. 

r. s. Pat 1,.1(15,407 



(chapter 111. 

The Decomposition of Resinous Wood by Heat. 

TIk‘ dcninipiisitiiiii nl sdltwdni! li\ licMt fulldws imirli tiic Mime 
course as tlic complitati'il ri'actidii dcMnlK-il Idr liaidwddd and, in 
the case nf the hif^hlv re‘^indu^ Uddd used Cdininereially, the prcieess is 
further cnnijdieated In the ])resenee di ediisnlerahle (|uantilies nl resin 
and the pnidiiets Ironi the wndd ;ne mixed with the distillatidii prniliuts 
of the resin. Knowinit the |iid|iertie-. df the idnstilnents of the resin 
it is possible to dc serihe the manner in wliieh the mixture of wood 
and resin distils when snhjeeted to pradnalh inereasini; teniiierature-- 

'I'he volatile oils distil inostli hidow the temperature at which wood 
het;ins to deeompnse stroiiijlv, say ->511 t', so that it niit;ht he a fairly 
simple matter to distil these oils hefore the wood clistiK and, there¬ 
fore, ohtain them tree ironi ediitaininatidii |i\ the decdinpositlon prod¬ 
ucts of the woixj. 'I his seems e\eii more le.idih possible wdien we 
consider that these volatile oils in tin presence of steam distil below 
t(K)‘ („ and if there is enoU!,di walci in the wood to furnish the .steam 
they niiyht he conipk'teh distilled below 100 (' 'I here are, how¬ 
ever, .some dilficultus in tin- wav of acromplislniii; this result. We 
have seen that wood is a poor .ndnetor of heat, and when distilling; 
lariL;e chai;;es of wood tin' temper.nine pr.idienl between the ontsiile 
and inside of a charj;e is \er\ ra|iid, s.. dial slow and careful heatinj; 
would he reiiuired to obtain the distill,nion oi the \olatde oils with¬ 
out decomposing a Jiarl of the . . I I he preseiue of the rosin causes 

even more dilliculty since it bepiiis to decompo-c at e\en lower tem])era- 
tures than the wood .and since it lowers the \apor pressure of the 
tur])C'ntine. Accurate liyures are not arailable for the miniminn tcni- 
pcrattire of the decomposition of rosin, but in the steam distillation of 
wood it has heen shown’ that iheie is some contamination of the 
turpentine when distilled from the wood at 75 i>onnds str'am jiressure 
( it)0" 1 and that this is ]irobablv due to the be;;inninj; of decom]iosi- 

tion of the rosin 'Ihc decoinposiiion at this lein|ieratnre is only 
slight and it*is believed that e\en up to jiki ' t‘ the volatile products 
given olT hv rosin are still ^niall 111 amount. Higher than this, how¬ 
ever, the rosin begins to decompose raiiiillx and j.ki ’ (is usually con- 

' Roicst Service Hull loy, p ,.^5 
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sidered the highest tcnijy;ratnre to which resinous wood can he heated 
without serious contamination of the turpentine by rosin decomposition 
products. 

It would be expected that considerable turpentine would be driven 
off from resinous wood at temperatures near 100° C., since a mixture of 
water and turpentine will boil below this temperature but it is not 
until about 160° C. is reached that much distillate is actually obtained. 
The reason for this is jirobably that the water and the oil are not in 
contact in the wood and it is not until the resin becomes a thin fluid 
with the heat and begins to flow in the wood that much distillation 
can take place. That such a flow does take place is shown by the 
fact that with rich wood and carefully controlled temix.‘rature con¬ 
siderable quantities of rosin can be drawn off from the bottom of the 
retort after the temperature has been held at t8o to 200° C. for some 
time. H the temperature is carefully controlled aV the turi)cntine and 
))art of the pine oil can be distilled off bef<ire the rosin begins to de¬ 
compose. Then as the temiK'rature is raised the rosin begins to di.stil 
rapidly, <and finally the distillation ])nint of the wood is reached. Com¬ 
monly, however, these separate stages are not readily distinguished, and 
a mixture of volatile oils, ro.sin ])roduct.s and wood distillates may 
come over together from the start. 

The presence of the resin makes it possible to obtain a li<iuid 
product from the bottom of the retort by drawing it off at some stage 
in the distillation instead of di.stilling it off through the condenser. 
It was noted above that with ])roper care an only slightly decomposed 
rosin eotild be drawn off during the fir.st st.'iges of the distillation. If 
the retort is tajiped at a later stage or if the temperature is not con¬ 
trolled, a tar may be drawn off. If this tar is allowed to remain until 
the last stages of the process, a hard pitch may be drawn off. 

Before discussing the products of distillation it will be ncce.ssary 
to state what little is known about the composition of rosin distillation 
products, since rosin is such a large part (jf the raw material. Rosin 
has been distilled commercially for many years and many publications 
have been made on the subject but yet little is known on the actual 
composition of the i)roducts. A few indefinite compounds have been 
identified or at least have been named, but not even a table giving per¬ 
centages and boiling points or specific gravity of the oils has been 
published. The usual terms in whieh the products are described are 
the trade terms, .such as “rosin spirits,” “kidney oil” and “blue oil.” “ 
It is known in a general W'ay that on distillation rosin furnishes a very 
complex series of oils with boiling points all the way from 50° to 370° 
C., thus overlapping completely the boiling range of wood tar oils, of 
turpentine and pine oil. The oils arc only partly soluble in or poly¬ 
merized by alkali and this cbaracatcristic can be varied largely by the 

* Shuey, Na 7 'al Stores Rez-iev, Special Number, p. 233 
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conditions of distillation.* Tliis is aliont all that can he said on rosin 
oils and indeed is all that is neeessary lor the further disenssion. 

The process in which the tur])enline and pine oil are distilled lirst at 
low controlled temperatnres will not he disenssed further since this 
is not a common commercial practice, hnt itislead the more common 
process of di.stillinc: in v\d\ich all the products come off more or less 
mingled and are collected together for further refining. 'I'he discus¬ 
sion will he further limiled to the process in which all the products 
are distilled and none is drawn off the hollom of the retort. The toUd 
oily distillate will then consist of the turpentine and jiine oil originally 
present in the wood, together with the wood tar and the rosin oils. 

There is a difference of opinion without data on either side in 
regard to the clTcct of dillerent systems of distillation on the yield, 
composition and value of the oily distillate. It is commonly hclieved 
that certain retorts with poorlv arranged lie.ating lines mav "hum up” 
the distillate giving low yields and poor ipudity products, hut from 
what we have seen of the decomposition and distillation of the dif¬ 
ferent constituents of the niw material, \olatile oils, rosin, and wood 
fiber, it is difficult to understand how there can he any noticeable 
diminution in yields of total oil ew-n with considerable superheating 
during the distillation process. 

To take, a concrete insttince, supimse the maximum temperature 
to which the bottom of the retort was heated was 500” C., what would 
be expected in the way of loss of tot.d oily distillate’^ ( hdy a small 
part of the distillate would necessaril\ he subjected to a temperature 
anywhere near as high as this, and e\en this small part would be 
decomposed into nonliipnd |iroducts such as coke and gas only to a 
small extent at this temperature. Sinijiose 10 per cent of the jiroducts 
are sidijeeted to the maximum tempenitnre and thereby 10 per cent 
of this portion are deeoni])ONed into (oXe and gas, the total loss would 
be only l per cent or a jirait'cally ncelieihle i|nantity. With any 
•reasonable .skill in designing the heating s',;-n,n of a retort and reason¬ 
able care in 0])eiation it should he possible to keep the maximum 
temperature below 500” C, and obtain full yiclils- of products. 

There is more to he said in regard to quahlv of jiroilucts, however. 
It has been stated that the eongiosition ol the distillation jiroducts of 
ro.sin varied with the condition of distillation and that unnecessarily high 

temperatures would give more decongiosition td' the original ro.sin and 

• 

* This is for Ibr reason that lo^in is sli^hlly tolntile n llii t« iii|>< i at in c nf ils ricsli uotivc 
distillation afid, tlicrcfurc. varynip: <|iinnliTi«.s nr niMl.-<,nniin.-,<o| los-n att with the 

volatile (Ici’oinpositioii itrodncts If losm j'% i.inftillv tltstilliil ui Aatiin a vei> latKe pro- 
l>orUon can he ohlained as solid iintlftomitosnO m m, if ilistilhil slowly at tiiinospheiic 
pressuie a considerably '-nialler ptoooi'itm ot muh.ifgid t.tsiti i-, obtained and if distilled 
rapidly a still smaller propoition In piaclice fitiniinih the niuliaiiKi-d rosin is n<pt wanted 
and the “lir.st run” oil is lodi-.ilkd in tni,ei to ditl■.t^l|K^^c it fnithcr; the “second run,” 
“third run,” etc., oils rcsultnijj aic thinner and cont.iiii less “rosin amis.’' We have often 
wondered why a single distillation uinhr prt'"‘int inif.]ii not at-toinplish the same results 
as repeated distillations at almosphcnc pressure. 
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a ))rodiict more like “.wcoiul” or “third run” oils. It is possible, there¬ 
fore, that the eoinpositioii of that part of the total di.stillate which 
comes from the rosin may he varied hv the amount of superheatinjj 
during; the distillaliou. So little is known of the detailed re(|nirements 
of composition for these distillation prodncts that it can not he foretold 
whether such a snperheatins; would cause an improvement of (ptality 
or otherwise. 

'I'he effect of slij,dit snjierheatins .m the com])osilion of the [line oil 
constituents is not known, Intt it is believed that the eflfect .is not 
serious. It is known, howexer. that at tcm])eratnre.s above 250"'' C. 
pinene mav he transformed into di|ieiitene. That this does take |ilace 
to a certain e\tent in commercial wood distilkition iwocesses has been 
shown h\ the eont]iosition of the refined wood turpentine. ()ne wood 
1ttr]ientine containeil about 40 per cent dipentene in.stead of the 10 
])er eent nonnallv |)rescnt.' 'I'his chaip”e of ]iart of the pinene into 
dipentene does not result in any considerable reduction in value, 
however. 

Softwoods are somewhat different from haniwoods in the distribu¬ 
tion of metbo.wl ,t;roti])s in tbe distillation products.' 'fhere is less 
mctho.xvl in the ]iyrobitneons acid, correspondnijt to the lower yield 
of mctlni alcohol. I'bere is also less metho.wl in the dissolved tar 
and more in the settled tar from softwoods. 'I'he effect of treatiip” 
the softwood with soditttn ctirhonttte before distillation is nmeh the 
same as in tbe ca.se of o.ak : the inetho.wl in the pyroliftneoits acid is 
increa.sed and that in the dissoKed t:ir, the eharco.al. .•mil tbe jjas is 
decrea.sed. With the softwood, howexer. the methoxvl in the settled 
tar is decreased verx considerabix by the sodinm ctirbonate. 


Yields of Products 

The (|ne.stioii of xieliK ol turpentine, time oil, tar oils, tar and pitch 
or, in short, of tottil oily prodncts is one tlnit is appareiitlv not ])ro|)erly 
com])rehended :md that is the cause of many mistakes and failures. 
It hits already been stated that the yields de]iend tilmost entirelv on the 
amount of resin in the xvood distilled and th:it this is a very variable 
factor. (trdinary niiselected sawmill xvaste or t;reen limbs from loti}'- 
leaf ]iine may conttiin onix about 5 per cent resin and t,dve tar products 
only a little ,t;reater in quantity and a little dilTerent in (|nality than 
arc obtained from hardxvood, say 27 gal. tier ton of a black ttir wdth 
about 40 per cent pitch A iioor graile of lightxvood may contain 15 
per cent resin and yield per ton 411 gal of total oils, including a tar 
with a more broxvnish color and less pitch, while a very rich bghtxvood 
or .stnnqiwood xvith 40 per cent resin might xield 78 gal, of oil con- 

* KoiC't .Sfivico Hull. No 105. |t _c,.> 

* llawlvy and Aiyat, Ind. &■ l:it^ C hem, /./, 1055 (ly-'.'J. 
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taining a tar of golden brown color and very little ])itcli. Tlic in¬ 
crease in yields with increasing resin content* is due to the nmch 
higher proportion of oils frotn resin than frotn wood, while the change 
in quality is due to the increasing proportion of resin products with 
different char.acteristics from the wood t;ir. These yield figures are 
computed on a basis of a yield of 7 per cent tar and oils frotn the 
wood fiber 80 per cent from the rosin atid too per cent from the 
volatile oils. 1 he “'ton” is also considered as a ton of water-free 
wood and.the resin is assumed to consist of .So per cent rosin and _“0 per 
cent volatile oils. 


Whcti the corresponding \ields are ligmed on a cord basis the 
variation in the yields from the dilferent qualities of e.dod are even 
greater, due to the fact that as the resin content of the wood increases 
its weiglit per cord also increases, h'or instance, ordinarv longleaf pitic- 
W'ood with T5 per cetit moisture and 5 |)er cent resin weighs about 4J.5 
pounds per cti. ft. (see Table n t and an increase of resin content to 
15 per cent should increase the weight per cn. ft. by an equivalent 


amount 


ij-jA 

(r.i.s 


(>.s 


.Ti 


37), assuming that the tidditional resin 


does not swell the volume of the wood \ cord of wood with l"; per 
cent resin would, therefore, weigh (4-’5 ! ,^.7) So361)6 Ihs., and 
figuring in the same wav a cold of wood wdlli 30 licr cent resin would 
W'cigh 41,(6 Ihs. Since a cord of ordinarv wood with 15 per cent 


, i-iuo , , . 

moisture is eiiiinak'iit to- '-■ ■■ 1 i.N dn tons, it will vietd 

I.T s ' ■, -ooo 

1.48 X-7--40 .gals of oil |ier torch h'igining in the same way. the 
wood with 15 per cent resin and weighing .'ft'ob lbs, per cord will 
yield 75 gal, .md the wood with ,(0 pei cent resin and weighing 41,36 
lbs. per cord will yield t,3J gal. of > 'tal oil. 

'These lignres are belieted to repicseiii \erv well the commercial 
\iclds ohtaineci from wood wiili such re-ii contents, and at any rate 
they are .good ewunples of the t.iriation 111 , e-lds due to dilterence in 
quality of the t'-ood, 'They show uhv i’ might he iireferable to pay a 
high price for a very rich wood rather than to distil ordinary saw'tnill 
waste which could be obtained very cheaply. 'I he tar obtained from 
poor .gr.ade wood is also so near liUe hardwood tar in composition that 
it is diftlcult to find uses for it. 


It is a common practice to report \ields of oils from a particuhar 
process or ajipaiaftts withottt any statement as to the qtiality of wOod 
used, but-wdth the inference that the high yields are due to the process, 
when the quality of wood and not the iirocess may have been responsi¬ 
ble for the fafor.able results, If.\en when eonscientionsly testitig a 
new process for distilling resinous wood i* is very easy to be deceived 
by the unconscious selection of very rich wood for the trial runs. No 
publication has been made on the destrtutivc distillation of resinous 
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wood and the author has never seen a private report on this subject 
in which yield figures Were accompanied by determinations of the resin 
content of the wood used. 

The charcoal obtained from resinous wood has much the same 
composition as that from hardwood except that it may contain a cer¬ 
tain amount of the "coke” from the distillation of the rosin in the 
wood. The rosin which docs not flow from the wood during the first 
part of the distillation finishes its decomposition while retained in the 
wood (or charcoal) and naturally leaves its distillation residue mixed 
with the charcoal. This tends to make a denser charcoal than that 
obtained from softwood with little resin. 

The gas from resinous woc>d distillation is also affected by the 
presence of "rosin gas” which gives it a much higher illuminating 
power than the hardwood gas. l.ike the hardwood gas, however, it 
is used only for heating purposes at the jilant. 



(Chapter IV. 

Rcfininfj Destruction Distillation Products. 


Wlion tlie Uilal distillate is ciuideused toerllicr tl'e lar dues not 
commonly scllie to llic bottom as in tlie case o£ hardwood distillation, 
but on account of the low j,;iavilv oils |iiodnccd from the resin the 
total oily distillate is lighter that) the )i\ rolii;ncoits acid and floats. On 
distilling a pine wood -vith \ery little pitch in it the tar would probably 
sink, but in any commercial jdant distilling wood that is pitchy enough 
to tnakc a iirolitahle operation the total oib- .always float. Figure i<) 
gives the boiling point ;md s])ccilic gravity citrves for a tyiiical total 
distillate from a wood containing about -'3 ]icr cetit resin. There 
is no standard method for the scp.aratioii of such a mixtitre. into com¬ 
mercial products since different commercial jilants h.ave developed 
special jtroditcts for their customcis or vaiy the products to suit the 
•demands of the tradic Sometimes tb.- total oil as separated from the 
pyroligneous ticid is, ■'old without funner refining. A typical relining 
operation will be desiribed, ho\\e\er, a-' tin rxamjile of a sitnplc process 
with a small nttmber of jiroditcts. 

The Oil 

The oil whose composition is indictited in Figure 20 is distilled 
with steam for the se|)aiation of the oils w"! boiling iioiiits up to about 
icxi° C. or the corresponding gravity of ab.uit n. ,2. Since the principles 
underlying distill.ition of an oil uitb ste.am are not generally under¬ 
stood and since these pi inciples are ir,'(|uenlly tgiplied in resinous 
wood distillation, a short e.xplanation will be giveti here. When a single 
liquid like water or a misture of two nuTciblc liquids like water and 
alcohol is healed it begins to boil when the vapor pressure of the 
liquid equals the atmos|)heric pressure. 'I he physico-chemical law gov¬ 
erning steam distillation st.ates that when two non-miscible (mutually 
in.soluble).liquids like nil and water are heated wliilc kept in equilibrium 
(well stirred) the mixture will iiegio to boil when the sum of the 
vapor pre.ssiirestif the two con.-.tiliicnls i-. equal to atmospheric pressure. 
This means that the mirtnre will hod at ti temperature lower than the 
ordinary boiling point of cither the oil 01 the water. Advantage is 
often taken of this principle to distil oils with boiling points above 
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those readily reached, hy pressure steam. Since the distillation of a 
mixture of oil and water is not convenient on account of still capacity 
and tendency to bump and froth, the same thing is accomplished by 
blowing live steam into the oil. 



Fig. 20.—Distillation Curve of Crude Oil from Destructive 1 listillation of 
Re.sinous Wood. 


There is another invariahle law in connection with .steam distillation 
which regulates the relative amounts of oil and wmter which distil at 
the same time. If at the time wlien the sum of the vapor pressures 
of the water and the oil reaches atmospheric ])ressure the partial pres¬ 
sure exerted hy the water is twice as great as that exerted by the oil, 
then twice as much water as oil will distil (measttring the amounts by 
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molecules, not by actual weight). That is, there is an invariable rela¬ 
tion between the amounts of oil ami water distilling de])ending only- 
on the vapor pressures and the molecular weights of tin- constituents. 
This is the reason for the larger amounts of sleain reejuired for distilling 
the oils with high boiling point. 

Steam distillation is convenient and is fairly efficient with low 
boiling oils which require only small profiortions of water to make 
the equilibrium mixture. It is siynetimes necessary in order to distil 
an oil, from a mixture when some comixinent of the mixture de¬ 
composes at the normal boiling point of the oil. It is very inefficient, 
however, for the distillation of high boiling oils, since not only must 
the steam furnish practically the same amount of heat required for 
the volatilization of the oil by straight distillation but also the beat is 
lost which is contained in the large (piantity of steam which goes over 
with the oil vajiors. 

Another kind of ste.im distillation is .sometimes used which may seem 
to be the same kind of an opera!i(ju and subject to tbc same laws, but 
which works on a different principle I 0 cut down comlensation of 
steam in the .still in which steam distillation is carried out, closed 
steam coils are frequently used. If these closed coils are used only 
enough to keep down condensation but no! enough to heat the oil 
:d)Ove its boilitig point with .steam, then tbc operation is like the steam 
distillation just de.scribed. If, however, the oil is heated by tbe clo.scd 
coils to a temperature above the boding jioint of water there is no 
liquid water in conRict with the ail and the prineiji/e of llie distilla¬ 
tion of immiscible lujuids does not bold, 'flu-re i-, no fixed boiling 
temjx-rature nor fixed proportion iH-tueeu water and oil in the di.s- 
tillate. The laws which govern here aie exactly the same as those in 
the evaporation of water below it^ boiling point in a current of air. 
The temiK-ralure of tbe evaporation iiureasis with the amount of heat 
furni.shed by the closed coils and decreases with the amount of live 
steam blown into tbc .still, 'fhe proportion of oil to water in the dis¬ 
tillate depends on tbe vapor pres.sure v. bich in turn deiiends on the 
temperature of the oil. If the v.-qior inessure of the oil is say, one- 
fourth the total ])ressure in the still, tlien the volume of oil vapor is 
one-fourth and the water vapor three-fourths, i)y heating tbe oil to a 
higher temperature a larger ratio of oil to water can be obtained in 
the distillate. The etficiency of this method a.s determined by steam 
consumption is greater than that of the regular s.atiirated steam (ils- 
tillation aiyd the efficiency increases a.s the tenqxrature of tbe distilling 
oil is increased. 

This discussion of steam distillation has been confined to a single 
oil of crinstant boiling point, but it can iisw be a])plied to a complex 
mixture, such as tbe total oils obtained by the dcstrucliie distillation of 
jiine wood. As in distillation without steam the lower boiling oils, 
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or the ones with the highest vapor pressure at the temperature of 
the steam distillation, tlistil first and fractionation according to boiling 
points is obtained. Many [x-oplc seem to have the opinion that steam 
distillation is a “mechanical process” and that the specific gravity of the 



Flc. 21.—A Cnuk- Wood Turpoiilinc from a Ocstnictive Distillation Process in 
which All the Products were Distilled and Collected Toycther. 


oil is the factor which controls the fractionation, the lighter oils being 
carried in the current tjf steam more readily than the heavier oils. Since 
the lighter oils usually have the. higher vapor pressure' this opinion is 
perhaps excusable. 

On distillation of the oil whose boiling curves are .shown in Figure 
20 a first fraction may be obtained which has a composition indicated 
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in Figure 21. This is a typical crude turpentine obtained from a com¬ 
mercial plant ’ and from it the refined wood turpentine can be obtained 
by a refining process consisting of cbeniical treatments and redistilla¬ 
tions. Figure 21 shows that the boiling points of this crude turpentine 



Fig 22.— The CnnU- \\'(>..<I Tunn-ntiii'' of hi,;. 21 after Trcatmonl with 
Cruislie Sixla. 

cover a .range of many degrees on both sides of turpentine (l55°' 
180° C), about 25 per cent boiling below 155° C. and about 30 per cent 
above 180“ C.« 'I'hc specific gravity of that portion boiling between 
155° to 180“ C. is also very high for a pure turpentine. The frac¬ 
tions also were colored and had very disagreeable odors. Ky treating 

r Forest Service Bull. 105, “CruJc Turijciilinc No. 3," p. 40. 
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this crude turpentine with a solution of caustic soda tlic properties were 
changed, as shown hy tfie distillation curves of the treated oil, Figure 22. 
The proportion boiling below 155“ was decreased, the specific gravity 
of all the fractions was decreased, and the odor and color were ini- 



Fig. 23.—The Kcfincd Wo<iil Turpentine (tluaiiied from the Treated Crude of 
Fig. 22 by l''ractionaI 1 'istillation 

proved, lly fractional distillation of this treated crude a middle frac¬ 
tion of refined turpentine was obtained whose distillation curves are 
shown in Figure 23. T his is a typical refined wood turpentine con¬ 
taining only a small amount of material boiling below 155^' C or above 
180° C. There is an odor and color in such a refined which can not 
be readily removed, due probably to rosin oils or oils from the de- 
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composition of the wood. (See composition of oils from hardwood tar 
insoluble in or imdecomposed by caustic sotfa solution with boiling 
points between 155" and 180° C., page 74.) 

In this refining process about 10 per cent of “light oils’’ were ob- 



Fig. 24.—A Crude Wood Tiirpcnlinc froiii a Deslniclue Distillation Process in 
which the Temperature was C’<nilr(ilU‘d during the Distillation 
of the Turpcntuie. 

tained mid about 35 per eetU of ‘'lieavv oils.” 'I'hc light oils arc some- 
times not separatetl from Ihe turpentine, but are left in, giving a tur¬ 
pentine of Im? grade due to bad odor and low flash point. Otherwise, 
the “light oils” form a s])ecial pioduct used for solvent or disinfectant 
purposes. The heavy oils are sometimes redistilled to give a fraction 
boiling between 195° C. and 240° C., called a destructive pine oil. This 
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heavy oil fraction may also be mixed with higher fractions distilled 
from the total oil to nfake a product called ])ine tar oil. Depending 
on the point to which the distillation of the total oil is carried, the 
residue left undistilled will he either a ‘'i)ine tar,” a soft pitch or a hard 



Fic. 25.—The Refined Wood Turpentine Prepared from the Crude of lug. 24 by 
Treatment with Caustic Soda and Kedistillation. 

pitch. Often the residue left after the removal of the crude tufpentine 
is sold as pine tar, hut more oils may he removed and still have “tar” 
left. * 

There are no sjiecifications for jiine lar oil or pine tar except those 
of the Navy Department, d'hesc, however, are not consistent, since the 
pine tar oil, supposed to he distillate from jiine tar, need have only 80 
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per cent distilling tx;low 350° C., while the pine tar must have 87 to 
90 per cent distilling below the same tcinpcmture. Klar “ says that 
pine tar is commonly examined hy smearing in a thin layer on a light 
colored wood. Jt should show a golden brown color, and the more 
rapidly it dries, the stickier it is, and the more it resists washing o(T 
with water the more valuable is the sample. 

Figure 24'^ .shows the distillation curves of a crude turjxintine ob¬ 
tained by a distillation process jn which some care is taken to control 
the temijcrature during the first part of the distillation and in which 
the crude tur])entine is collected hy itself instead of being mixed w'ith 
the later distillates, 't his has much less iiKiterial boiling below 155° C 
and the specific grtivily of the fractions in the range of turpentine 
temperatures is lower, showing much less contamination with rosin 
distillation products than the ttirpenline produced without temperature 
control, 'i bis crude turpentine on treating with caustic soda solution 
and distilling gives a refined turpentine with distillation curves shown 
in h'igure 25. This refined turjientiiie has a better odor and color 
than the one shown in Figure 23 and the temperature effect is also 
shown by the larger proportion of the jiinene fraction (up to 165° C.) 
and the smaller jiroportion of the dipeiitene fraction (i()5‘'-l8o° C.) in 
the tur|x;uliiie produced at the lower temperature (see p. 1 lo). 
y\lthongh this turjientnie may he of higher grade and easier to refine, 
yet it is usualh considered that on account of the slight difference in 
market vtilue the cost in increased time and increased C(|uipment is 
not justitied tiiith few' attempts are now made to produce such a 
product. 

The fraction taken for chemical retining may also be taken u|) to a 
higher boiling ixiiiit so as to include the jiiiic oil, and then a refined 
pine oil is jiroduccd. < >n account of the presence of rosin oils in¬ 
soluble in caustic soda w'ith boiling points from 180° C. up, there is no 
sharp dividing line between the iiiue oil and the turpentine and the 
pine oil contains ti considerable proporti"n of material not found in 
steam distilled pine oil. A light brown oil can he obtained, but the odor 
is not like that of the uncontaminated oil. 

The caustic soda solution used m the chemical treatment con¬ 
tains various undecouiposed rosin acids anil also some phenols. If 
the pine oil fraction up to say 250" C. is given the caustic soda treat¬ 
ment a considerable amount of methyl ethers of phenols (see page 
05) will be in the caustic soda solution. On acidifying this .solu¬ 
tion bqth rosin acids ;ind phenols will he prenpitated. If the pyro¬ 
ligneous acid is used for this aciditii'ation it is probable that a part 
of the dissoUed tar in the acid is also precipitated, forming a mixture 
of rosin acids, phenols, dissolved t;ir and probably some neutral oil 

* Tcchn ('logic Jer Ili'hrcikohinug, i>. 

• l•'or^;sl Servkc Bull. No. 105, " 1 uiiifiiliiic No. 1. !> 34. 
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carried into solution with tlie alkali soluble oil or incompletely separated 
in the settling after the-caustic soda treatment. 

Pyroligneous Acid 

The methyl alcohol and acetic acid occur in the pinewood pyro¬ 
ligneous acid in such low concentrations that it has seldom been found 
profitable to recover them. 'I'he proportions of acetone and methyl 
acetate in the crude wood alcohol arc not known nor is it known 
whether any special difficulties in refining are encountered. The acetate 
prepared by the same method as hardwood acetate contains from 4 to 
6 per cent more organic impurities, due apparently to certain rosin 
products which arc volatile, soluhle in water and polymerized or 
neutralized hy lime. 

Charcoal ' 

The charcoal obtained by ilistillation of resinous wood has much 
less tendency toward siiontaneous ignition than that from hardwood. 
Only 24 hours' cooling in closed coolers is sufiicient before the final 
“.seasoning” in the air. The reason for this is not known, but it may be 
due to the deposit (d rosin coke in the true wood charcotd (see p. 112). 

Gas 

Since methyl tdcohol is not one of the important products, there 
is no necessity for serttbbing the gas to recover it. I liere tire prohably 
con.siderahle (|uantities id light oils in the wood gas from resinous 
wood, but since they are not of much value no attempt has been made 
to recover them. 



Chapter V. 

The Steam Distillation and Solvent Extraction 
Process. 

This process has been in use for so short a time that it is not yet 
well standardized in details and very little literature on the subject 
is available. The .steam distill.ition part of the ))roce,ss has, however, 
been studied experi•■.icntal!y.‘ 

Steam Distillation 

The theory of steam distillatifm of volatile oils outlined in Cdiaptei 
IV applies in the removal of crude turpentine fturpentine and pine 
oil) from resinous wood by means r>f steam. There are, however, two 
additions that must be made to the principles jrroviously developed to 
cover the effects of the pre.sence of the wood anil the rosin. The wood 
prevents free coyt.act between the steatu and the oils to be distilled, 
so that there is not :i true equilibrium and the ratio of water to oil 
in the distillate is greater than that which would be required to distil 
the oil by itself. The rosin also has a similar effect, due to the fact 
that it lowers the vapor ])re.s.sure of the oil in which it is dissolved 
and thus decreases the ratio of od to w.ater in the distillate. 

Since the wood irrevents free contact between the steam and the oil, 
the larger the jueces of wood the greater is this effect. It has been 
stated that the he:it conductivity of wood and the jienetration of wood 
by liquids or vapors are greatest in tlie direction of the. grain of tbc 
wood and, therefore, the variation in size of tlie piece of wood to 
be distilled has the greatest effect in directions at right angles to 
the grain. Since the establishment of eqiiilihrinm between the oil and 
the steam is difficult on account of the i>rotcctive effect of the wood, the 
ratio between oil and water will he varied by the speed at which 
the ste.am is blown through the wood. With a very slow cnrrtftit of 
steam 'almost the theoretical jirojHirtioii of oil might he carried over, 
but with increasing sjieed of .steam the ratio of oil to water would 
decrease rapitlly. 

It has also been shown that the steam pressure has a considerable 
effect on the results of steam distillation of wood, both on the total 

'The Dislillalinii ,.f Rcsiisnis W'I'mI miUi S.itiiralid .Suam, Foi. Serv. Bull. 109. 

1-5 
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yield of oil and on the ratio between oil and water. This is not 
because there is any noticeable effect of steam pressure on the dis¬ 
tillation of oil by it.self but because the increased steam pressure by 
further penetration of steam into the wood brings better contact be¬ 
tween oil and steam, thus increasing the total yield of oil and the 
oil-water ratio. 



Fig. 26. —Steam Oistillalion of Sawdust at 0 and 40 founds Pressure. 


Some of these effects are best brought out by Figures 26 and 27, 
which show the counse of two experirnental steam di.stillations under 
different conditions.- logure 26 shows the gravity of the oil obtained 
during the different stages of the distillation of sawdust, at fir.st under 
atmospheric pressure and later under 40 pounds steam jiressttre. The 
gravity figures arc plotted against the percentages of the total oil 
recovered. It is seen that tip tt) 83 per cent the distillation is much 
the .same as if no wood or rosin were present, at least ,as far as the 
fractionation of the oil is concerned. 'I'he turjientinc with gravity of 
0.865 distils first, then there is a rapid rise in the gravity of the 

*TrJ*cse figures are taken from For. Serv. Bull, log, pp. 27 and 28. 
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distillate until nearly pure pine oil is di.stillin5i. 'J'his indicates that the 
oil distilled up to this point was in contact vrtth the steam from the 
start of the distillation and that the fractionation was due to the dif¬ 
ference in boiling points between the turpentine and pine oil. 



I'lC. 27.~.Stcam Distillation of Chips l’'\ ’ A at 70 founds Pressure. 

Beyond this jjoint new supplies of oil were brought into cofttact 
with the steam, sinec the specific gravity decreases, showing that more 
of the low gravity turpentine is di.stilling which would have distilled 
previously if it had been in contact with the steam. Ihese new supplies 
of turpentine were brought into contact with the steam first by simply 
stopping the distillation for a short time and second by increasing 
the pressure. The effect of stopping the distillation is difficult to 
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explain, but it is to be expected that the increase in steam pressure would 
cause the steam to penetrate the sawdust ])ar1icles to a greater distance 
and, therefore, come in contact with new supplies of oil. 

The same effect of pressure is shown in Figure 27 which gives the 
gravity of the distillate during the distillation of chips i" x '//'xYz" 
under 70 pounds steam pressure. In the case of the sawdust most of 
the oil was on or very near the surface of the fine particles and in 
contact with the steam from the start., With these larger chips only a 
small portion of the oil could he near the surface at the start and, 
therefore, new supplies of oil must be brought in contact with the 
steam from the start. This is indicated hv the gravitv curve which 
is higher than pure turpentine even at the beginning and never gets 
as high as pure pine tjil, although there is a tendency to increase as 
the distillation jirogresses. In this case the pressure effect is caused 
not only by the jtenetration of the stetun into the chips hut .also h\ 
the flow of the resin towtird the surface of the 'chip, since there was 
some ro.sin collected in the bottom of the retort and the surfaces of 
many of the chips were covered by a thin layer of rosin. .Apparently 
the high temperature of this distillation decreased the viscosity of the 
re.sin to the point where some flow was possible. 

1 he general rcsidts obtained In the experimental sleain distillations 
were: 

(1) The smaller the chij) the larger the \ields and the higher the 

efficiency.-' , 

(2) J he higher iiressiires gave larger yields without lowering the 
efficiency. 

Increased speed ol distillation lowered both the \ield and the 
efficiency. 

(4) Distillation at atmospheric |)ressnre did not remove all the 
oil from sawdu.st. but 40 pounds jiressure was sufficient for complete 
removal. 

(5) Dhil>s l".x)4"x 'x" were completelr distilled at 50 pounds 
pressure. 

(6) Chips j"xJi"x!j" were completely distilled at 70 pounds 
pressure. 

(7) Seventy pounds steam pressure causes a slight contamination 
of the turpentine with low boiling oils which, however, can he readily 
removed by caustic soda solution. 

It has been claimed that passing the steam downward through the 
retort was more efficient in the use of the steam and in obtaining larger 
yields from the wood, hut this has never been investigated experi- 

•Efficiency is mfasinctl liy titc iiniiniiit f<f oil brouplit over !iy a iiiiif quantity of sleatn. 
In no case was. the ratio of oil to water as high as the tlnoietical ratio for sUam distillati'm 
under condition^ of equilibrium. 
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mentally. It i.s pci.ssiblr that a little les'i steam might he used for 
heating the charge if t)asse(l tlnwinvard ';inee tilie water formed by the 
condensation of the steam in heating n]i tlie top of the eharge to 
100° C. would pass downward, give up its sensible heat to the cooler 
parts of the charge below, and le.iie tlie ontlet in the form of a cool 
liquid. This would give a very slight advantage over upward dis¬ 
tillation in which only \a|)or could leave the retort. It is hard to con¬ 
ceive, however, that any inere.i^se of yields could he obtained by this 
method .and it is probable that the claims made for it are a reversion 
to the old notion of the imsterioiis .and wonderfnl results from 
dcstillatw per drsrciistim. 

This experimental work coiered only the u.se of s.itur.ited steam 
and no ex))eriniental results have e\er been rejiorted on the use of 
superheated steam, although this has been sugge.sted and is used com¬ 
mercially. So far as the removal of the oil alone is concerned it 
seems likely that sif|)erheated steam wouhl have no advantage either 
in efficiency or total yields. The temperatnres which can be used 
without causing contamination of the turpentine can be readily obtained 
by |)ressure steam and it is probable that .some of the good etTects 
of pressure steam, such as penetration into the chip, would not be ob¬ 
tained bv sui)erheated steam. Superheateil steam .also h.as a very low 
specific heat, so that without special means for heating the. surface 
of the retort or jaawenting any radiation it would he verv difficult 
if not imi)os.sihle to blow suiicrhcated steam .at s.ay ifio" C. into the 
bottom of a largf retort and have the steam still superheated when 
leaving the tn|j of the retort. In other words, the amount of available 
heat in superheated steam between 160" C. and say 110° C. is so small 
that very large quantities of steam wamid be reciuireil to heat the 
charge and distil the oil and the process wanild be inefficient because 
all the latent heat in the steatn would he wasted. If the steam is 
heated above 160" C the charge tie.ar the '•team itdet will be overhe.ated 
and contamination of the turpentine will result 

In steam distillation of woo<l previotis to extraction of the rosin 
with volatile .solvents it is more saving in steam to take otit only a part 
of the pine oil (one half to one-fourth) and leave the rest to be re¬ 
moved with the rosin by the, .solvent. '1 he rettivery of this re.siduc 
of pine oil from the rosin requires less steam th:m distilling it from 
the wood, .since, as has been stated, equilibrium conditions are not main¬ 
tained when distilling from the wood and the amoitnt of stetim reqaired 
is, therefore, greater than when the wood is n<jt pre.sent. It is claimed, 
however, that most of the pine oil must he removed by the .steam 
distillation or, else its jnesence in the rosin extract will make the 
separation of the “nigre" incomplete. 
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Extraction of the Rosin 

Very little is known about the fnnclnnienlal princijiles of the rosin 
extraction, (iasolinc is the only solvent which has Iwen nseil com¬ 
mercially or with which c.xperimental work has been reported, so that 
only this solvent will he discitssed. middle fraction of "asoline, with 
most of it hoilinj; between l«r° and 130° C., is desired, so that on 
one hand the losses due to the very vplatile portions may he avoided 
and on the other hand the hi,i;h hoilins; jinitions mav not he,present 
to make the solvent recovery dilliciilt or to contaminate the pine oil 
which is left hehind in the wood after the steam distillation. 

The presence of moisture in the chi|is undoubtedly jirevents the 
ready and complete .solution of the rosin. W hen the ste;un distillation 
is finished, even when su])erheated steam is used, a larfjc ])art of the 
chips are saturated with moisture and this must he remmed before 
the extraction can he complete. This is accom])lished by hoilim^f the 
chips in the solvent, whereby the water is vaporized alou}; with the 
.solvent (principle of distillation of two immiscihle li(|uids) and re¬ 
moved from the system. 'I’he commercial e.vtraction processes obtain 
much lower yields than the conditions of amount of .solvent and numher 
of treatments would stive if the solution of the ro.sin were complete 
in the first or even in the .second or third tretitnient and if the ex¬ 
traction followed the regular conutei current princiiilc* after that. 
It must he, therefore, that many of the extraction trc;itments are largelv 
useful in removing the moisture from the chip and bringing the .solvent 
into contact with more rosin. This is a i>oint which rei|uires further 
experimental work, hut such work is not promising for small scale 
experimentation, since it is apparently difficult to apply the results to 
large scale operations. 

Palmer and Itoehmerdid some small scale experimentation along 
the line of studying the effect of jiressure on the extraction process 
and were able to obtain high perccnlago extractions, hut commercial 
extractions are not commonly more than 75 jier cent complete. It 
is said that a small scale extraction of the extracted chips from a com¬ 
mercial process with the same solvent and under the .same conditions 
will yield very considerable additional amounts of rosin. It is difficult 
to sugge.st reasons for this incomplete extr.action, unless it is the in¬ 
complete contact between chips and solvent in the large retorts used 
or the difficulty of removing the water from the interior of the chip, 
so that the solvent can come in contact with the rosin. 

After the extraction is finished and the last lot of solvent is 
drawn off the solvent remaining on or in the chijis is Recovered by 
further steam distillation. 'I'he principles here are e.xactly the .same 

* Di8COtitinuotis Kxtrartion Processi-s, Jour. hid. Eng. Chem. p, 866 (1017). 

•/oMr, Ind. Eng. Chem, Aug., lyis. 
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as in the steam ili^lillatinii for removiiij; the orndc turpentine, c'ceept 
that most of the rosin has iK'en removed and the process should, there¬ 
fore, he'easier and more efficient. Unless the solvent contains a frac¬ 
tion with hoilinp ]>oints hipher than tliose of ernde tnr|ientnie it shonUl 
he pos.sible to remove the solvent even more completely and readily 
than the crude turpentine. 

In an e.\lraction process of this Kind in which other o|)erations 
hesides the actual solution and washing out of rosin an- carried out on 
the charge of wood in the s.-nne appai.itiis holh liefore and after the 
e.Ktraction with solvent, there is a necessary relation Ixdwecn the time 
given to each of the dilferent ojieratii'Hs and the nnmher of cells or 
extractors re(|nireil." 'I his rel.ation is exjiressed hy the formula 
n = h( 2 c- l) -| i)l 2 c I I ) in which 

n = tunc requtr-(1 I'.ir .ill llic -qK i.iiiniis ln-sides llic .suKcnt action 
b — tiiiie rc(|uiri-(i* for e.u ii lioilntc inni'd 
c=mintl'tr of iclN icqiiitssi 

t — niimltcr t)f scpai.iti' totiliiunts v idi snhoni otjlaiiied Iw each 
cliarve <>f vend. 

p — time rc(|iiir<d f'lr oali inini|iiii'.: jsnod 

d'his formnhi ajiiilies onU when the pninpinq of the solvetit is simul¬ 
taneous in all the cells. '| he applictition of this formula is shown in 
the following e.sainiile: Suppose it is ilecided that an extraction process 
reiiuircs (> treatments with soKenl for each charge of chips, that 
the discharging of»the e\li;iited and steamed chpts and the charging 
of a fresh lot will lake one lunir. that ;i 1nr])entine distdiation period of 
2 hours and a s(d\enl recioerv jtcriod ol 2 hours ;ni<l minutes will 
he satisfactorv, and that the pumping of the solvent .and the boiling 
periods will reiiuire 10 and 20 m: mies. respectively, how many cells 
will he retpiired for the pnness? Snhstituling in the ci|uation with 
n = ()0-|-i2o 1 170 — ,t5() mill, 
p -c 10 min. 
h = 20 min. 
t = 6 

it is found that c — 0. 

It should he noted that although 1 is <m integer in this carefully 
.selected ca.se, a slighth- longer solvent recovery ))eriod or any other 
change in the conditions might give a fractional \:due for c, indicating 
that the conditions re(|uireii could not he carried out in a smoothly 
working process, i.e.. that omic part of the process would have to wait 
or he prolonged in order to Keep in step with the rt'st. If, for inst.auce, 
it was found ithat in the i)-cell iirocess just outlined the .solvent 
recovery was not com[ilete in 2 i'ours and 5*’ minutes this part of 
the iiroce.ss could be lengthened only hy cutting down on the time 

® llawky, Nmnental Inlwetu (< 1 K .iii-l J'n .itmt i.ts iii K-clrat (loti rio<cj.s,cs, 

Jour, InJ. liHff. Chem. u, 49^ (ly-u). 
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for charging, discharging, or steam distillation, by increasing the 
number of cells, by increasing the pumimig or b(.)iling period, or by 
decreasing the number of treatments. If in this case the number of 
cells is increased by one, the time for solvent recovery would be in¬ 
creased one hour with cveiything else the same, or if the number of 
treatments is decreased from 6 to 5 the time for solvent recovery 
can be increased by one-half hour without changing any other condition. 

In order to indicate in more detail' the course of a complicated ex¬ 
traction process of this kind. Figure 2R is gi\en which shows vliagi'am- 
matically the path of the solvent and the cycle of the various operations 
through the extractions in the nine-cell process already outlined. 'I'hc 
path of the solvent is indicated by arrows, the arrows pointing up¬ 
ward indicating the concentrated solution, leaving the system and those 
coming downward to a cell indicating fresh .solvent coming into the 
system. 'I’he symlrols over each cell show the qix'ration going on in 
that cell as follows: 

s = steaming for solvent recovery. 

b = boiling. 

St = steaming for crude turpentine. 

<1 = discharging and eharging. 

The boiling jteriod is 20 minutes and the pumiting period is 10 
minutes. For lack of sjrace a complete cycle is not shown, hut ex¬ 
actly one-half of a cycle is given in Figure 28 and this is enough to 
tell the story. i; 

No mention has yet been made of the capacity of a battery of 
extractors in a sy.steni of this kind as affected by variations in the 
process. By studying the formula and the diagram it will he seen 
that the capacity of the system dei)ends only on the. size of the e.\- 
tractors and the time of the pumping and boiling periods. In the 
example given the time between two successive discliargcs of a cell 
is equal to two boiling ixiriods plus two pumping periods and no other 
variable can affect this time. This is a case where increasing the 
number of pieces of apparatus does not affect the capacity of the system. 

A similar discussion could be given on an extraction process in 
which, instead of pumping all the cells at one lime, each cell is pumped 
separately, the formula could he ai)plied and a di.agram drawn, hut 
the general principle is much the .same ami the details can he found in 
the.original article on the subject." 

Refining 

After removing the solution from the extracting .system it is cooled, 
usually by a spray of cold water, in order to separate the “nigre” 
which is insoluble in the cold extract. The composition of this “nigre” 

* Numerical Relations, etc., loc. cit. 
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St =■ 120 Minutes 
d =60 
S =» 170 
t “6 
C = 9 

b-boiling period of twenty minutes 
—pumping ■■ ■ ten 


28.—Diafiiam of an I'fxtractioii Procesi with Six Trcatiiients in Nine Cells. 
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is not known and no information is availal)i(* on the details of its separa¬ 
tion. The solution now containiiu;' solvent, pine oil. and rosin is sub¬ 
jected to a refilling process for tlie separation of these constituents. 
This consists merely of fractional distillation and is not dilTicidt if 
the solvent docs not contain hit;li hoiliiifj fractions. The first part 
of the process is carried on more efficiently hv steam in closed coils, 
but when the boiling |ioint of the solution gets near that of the steam 
at maximum pressure live steam must he used to obtain the distillation 
at lower temperatures. With sohent containing no jxirtion with 
boiling ])oints above 150" f'. the preparation of a pine oil (miniiiniin 
boiling point 200" f.) free from solvent is easy e\en v\ithout column 
stills or redistillation, since the solvent fraction can he collected until 
no more solvent remains, even though some pine oil distils o\er. .A 
small amount of pine oil in the solvent is no disadvantage, since it 
merely returns to the jirocess and is not lost. .Sometimes the soKent 
contains a fraction in or near the range of boiling points of pine oil, 
so that a complete .separation can not he maile. This accounts for the 
i-ccond grade pine oils on the market contaminated with |)etrolcum oils. 

'J'he separation between the ])ine oil and the rosin is also simple, 
.since it is a sejiaration of a volatile from a non-volatile material. 
Here is a good cxam])le of an oiieration in uhich steam distillation 
or some, similar method of lowering the boiling point is a necessity. 
The normal boiling jioints of the oil are as high as the decongiosition 
temperature of the rosin and at the end of the operation, when there 
is only a little high boiling oil ]iresent in a l.arge animint of rosin, the 
boiling points are very nmch higher than the normal I'lider these 
conditions steam distill.'ition is rei|nired even though large amounts 
of steam are neces.sarv to bring over the last traces of oil. Dining 
the steam distillation the closed coils are used not onlv to iiicicase the 
cfficicnev (see p. 115) hut also to Keep the lostn sulhcientlv lii|uid 
so that it will not foam and can he drawn off readily at the end id' the 
operation. 

d'he crude turpentine obtained hv the steam distillation of the chips 
requires only fractional distillation for its refining unless there has 
been a little contamination due to high lem|ieratnres, in which case a 
treatment with a small amonnt of caustic soda solution before distilla¬ 
tion is all that is required in the way of chemic.al treatment. The 
highest boiling turpentine constituents, dipentene and cineol, boil at 
J76°>C. and the lowest boiling pine oil constituent, fcnchyl alcohol, 
boils at 202" C., so that there should he no great difficulty in separating 
them. By steam distillation in a simple still without a colunm it is 
not possible to make a coin|)lete sejiaratiou and, therefore/redistillation 
of one fraction from the first distillation is neces.sarv. 

One of the difficulties with this extraction process using a petroleum 
oil solvent has always been the loss of solvent, riie pumping and 
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boiling of llic large (ju:[]Uili(N of hot volatile M)h'eiit reiiuired by this 
process has led 1o losses whieli in some cases were large enough (o 
make OJie of Ihe major expenses of ilie process. ICither too liigb or 
loo low boiling fractions in the .solvent uill increase the loss, the tirst 
on accotint of bigb wilatility and dillictdtv in complete condensation, 
the .second on account of dillicnlt\ in removing from the extracted 
chij)s by the steam distillation. It has been a common opinion that 
most of the solvent loss coiisisWal of oil remaining on the chips, but 
as has been shown then’ shoidd not he so much dilticultv in removing 
a solvent of boiling ])oints below 150 fniin the chips as there is in 
distilling the ttirpentine fr.iction, and this is accomph^lled practically 
completely. In fact, then is only one place in the present process where 
loss is tmatoidjihle aside Irom the small losses alwavs occurring from 
leaks and incompleti’ condensation. I Ins is at the tiuK' when the s<ilvent 
is first hrought m contact with a fresh charge of wood. 

Ihe .sjiaces hetwei’n the cinp' and aho\e and hclow the charge are 
filled with air and the air is lorced onl as the soKent comes in. 'I'his 
air will he nearly saliirateil with solvent at the leni[icrature at which 
it escaiies if the air escapes at Ihe temperature of the incoming hot 
.solvent the loss will he considerable, hut if the air is passed through 
a condenser the loss irom this source should not he great. Usually 
after the first boiling with soKent the Cslractor is Idled with vapor 
above the soKent and pmnping sohiet fiom one extractor to another 
is accomplished without the escape of air saturated with .solvent. It 
is believed, thcrctori. that the loss of soheiu docs not occur in only 
one or two of the operations hut that it is made up of the very 
numerous small lossses incident to the hainlling of siuli large volumes 
of hot volatile material. 

Combination of Extraction Process and Pulping Process 

It has been so often suggested that the chips from an extraction 
process should he Used for making paper ]iulp, th.it this suhjcct will 
he discussed hrielU. 'fins coinhniafion of two processes using the 
same raw material seems ideal and it is believed to he merely a matter 
of custom and prejudice which has prevented its ;iccom|)li.shment. I'lie 
men in chtirge of the extraction plants have been accustomed to Jire- 
jtariiig their wood lor the proicss by a method which is comparatiyely 
simple, ‘‘hogging" and ‘‘shrcdilmg,'' and which gives a chip apparently 
suitable'for the distillation and exlraction operations, 'fhese chips 
are, however, so irregular in shape and si/c that no pulp mill ojierator 
would consider using them even if they could he obtained without 
.ex|X'nse. 'flic [iiilp mill ojierator is accuslonicd to a carefully pre¬ 
pared chip which is fairly even in si/c, csjiecially in the imjiortant 
dimension, its length with the grain. 'I here is no other imjiortant point 
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which stands in the way of this combination of processes. Longleaf 
pine stumpwood is a Suitable raw material for making pulp by the 
sulphate process and no necessary oi>eration of the extraction process 
need injure its quality for this purpose. The frequently charred out¬ 
side portions of the stumpwood miglit be expected to injure the quality 
of the wood made from it, but it is surprising how much of this charred 
wood is lost in the chipping and extraction processes and how little 
the remaining portion allects the quality' of the paiier. If necessary also 
the charred wood can be largely separated betorc chipping,. Some 
of the wood from commercial extraction plants which has been ex¬ 
amined by pul]) men has been condemned, and properly so, on account 
of discoloration or c\en incijiicnt charring by the superheated steam 
used in the solvent recovery operation. It has been shown that the 
use of superheated steam at tins stage of the process is not necessary 
and that as goou or belter results could be obtained by saturated steam 
at temperatures low enougb to aroitl any effect on fne wood fiber. Even 
admitting that all the solvent can not be removed by saturated steam, 
the remainder could readily be recovered during the cooking iirocess 
in the manulacture of the pulp. 

If these jKiints are allowetl the oiil)- concession that the extraction 
process must make is in the size and shape of chip. No expenmcntal 
work has been reiiorteil on the elfect ot length of grain of chi]) on 
the recoveries of rosin by extraction, but there is no doubt that pul]) 
chips in length would be enlirel)' satisfactory for the steam dis¬ 
tillation process. It has been slated that any procetts requiring pene¬ 
tration of a chi]) by vapor or liquid is allccted mure by the size of 
the chip with tlie grain than in any other direction. M.my of the 
ordinary extraefion chips prc])ared by hogging and shredding, although 
they look smaller than chips prepared on a ])ulp chipper, are longer 
with the grain tlian the pulp chips. These chips are probably not so 
good for extraction as pulp chips would be and it is likely that evenly 
chipped wood 5s" with the grain would lie as good as the average 
chips prepared for extraction so far as the size is concerned. It is 
also probable that the pulp chips would be even better than the ex¬ 
traction chips from the standpoint of circulation ot the solvent. The 
tendency for the extraefion chips to ])ack together and prevent free 
circulation of the solvent is due to the irregular shapes and uneven 
sizes and this would be largely avoided with the regular pulp chips. 

These points indicate that with very little concession on either 
side a combination process could be arranged so that one part could 
obtain a valuable raw material from what the other part would other¬ 
wise use only as fuel. ' 



